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ABSTRACT

The Narrative End Item Report contained herein is a narrative summary of the

Douglas manufacturing and test records relative to the Saturn S-IVY-AS501 Flight

Utage (Douglas P/N IA39300-I, S/N 1005).

Narrations are included on those conditions related to permanent nonconformances

which were generated during the manufacturing cycle and existed at the time of

acceptance testing. The report sets forth data pertinent to total time or cycle

accumulation on time or cycle significant items. Data relative to variations in

flight critical components is included. There is no provision to update or re-

vise the NEIR after initial release.

Descriptors

NEIR Significant Items

Documentation Stage Checkout

Configuration Manufacture and Test
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PREFACE

q_is Narrative End Item Report is prepared by the Reliability Assurance Opera-

tions Department of Douglas Aircraft Company, Inc. for the National Aeronautics

and Space Administration under contract NAS7-101. This report is p_'esented in

response to requirements of NPC 200-2, paragraph 14.2.4, and issued in accordance

with Douglas Report SM-41410, Data Submittal Document, Saturn S-IVB System, which

details contract data required from the Douglas Aircraft Company, Inc. The

report summarizes the period from initial stage acceptance testing at the Douglas

Space Systems Center, lluntington Beach, California, through final acceptance

testing at the Douglas Sacramento Test Center (STC), Sacramento, California, and

turnover to NASA/MSFC for delivery to NASA/FTC.

V; V_
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1. INTRODUCTION

The NEIR compiles quality evidence and assessments of a particular end item for

This report narratesuse in evaluating program objectives and end item usage.

upon the Saturn S-IVB-501 and discusses the following:

a.

b.

Ce

d.

e.

f.

Final configuration

Replacements made during test and final checkout (including serial

number and change letter of articles removed or substituted)

Nature of problems and malfunctions encountered

Corrective action taken or pending

Extent of retests or tests not completed

Total operating hours or cycles for each time or cycle significant

system or subsystem

i. 2 Format

This document is organized into sections, with each section fulfilling a specific

purpose. The title of each section, and a'brief outline of its purpose follow.

Section:

le

.

.

_o

INTRODUCTION. This section discusses the scope of the NEIR, the Stage

Design Concept, Documentation, and Turnover Data.

SYSTEM TEST SUMMARIES. A brief summary of principal test areas is presen-

ted to give management personnel a concise view of successful test achieve-

ment, and remaining areas of concern.

STAGE CONFIGURATION. Conformance to engineering design, accepted devia-

tions and waivers, and data on time/cycle significant items.

DETAILED NARRATIVES. A presentation in depth of checkout operations, pre-

sentated with the checkouts at Sacramento Test Center (STC) first, followed

by Space Systems Center (SSC) checkouts. Failure and Rejection Reports

(FARRs) referenced, as applicable for each paragraph.

APPENDICES:

i. TTJ,HRTRATTON_. Graphic Art, giving sufficient system detail to clarify

areas discussed in the text.

2. CHARTS. Weld defect charts which show weld discrepancies, referenced

to Table II Failure and Rejection Reports.

I
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1.2 (Col, tinued)

3. _.

a. TABLE I. A c_,pilat_on of FARE's recorded during systems installa-
t_on and checkguL.

b. TABLE II. A compilation of FAPR's %gainst structura] assemblies.

h. ._. A list of terms, abbreviations 8nd phrases used in the NEIR

text, with a brief definition.

1.3 Stage Functional Description
b

A detailed systems analysis is beyond th_ scope of this report. The "S-IVB-501

Stage End Item Test Plan", IB59261. contains a description of each operational

system, and includes a listing of Test Procedures, with the objective and pre-

requisite of each test. Stage 501 is primarily a booster stage, consisting of

propellant tanks, feed l_nes, electrical and pneumatic power for operation of

st.94_e systems, and such systems as are required for checkout purposes, loading

and unloading control, in-flight control _and pressurization, and data measurement

during these operations.

l.h Documentation

l.h.l Data

Manufacturing and test'records for this stage include Fabrication Orders (FO's),

Assembly Outlines (AO's), Failure and Rejection Reports (FARR's), Serial Engi-

neering Orders (SEO's), Radiographic Inspection Records, Hyarostatic test data,

Vertical Checkout Laboratory (VCL) test data, STC test data, and vender data.

FO's and AO's record ilJ sequence all manufacturing processes, procedl_es, and

Quality Control inspection activities. Any discrepancy from a drawing require-

ment is recorded on a FARE by Inspection and Test personnel. The F_2R is also

used to record the Material Review Board (MR,B) disposition applicabl_ to the dis-

crepancy. SEO's are written to define the rework required by_the FARR or to

chsnge the effectivity, or other drawing requirement. Radiographic Inspection

records of all weld seams and their X-ray photographs are m_intained on file by

the contractor. All origln_l data is retained _n the contractor's Reliability

Assurance Department Central files. Vendor technical data is received on func-

tional purchased parts and retained in Central Data files. The majority of
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1.4.1 (Continued)

docl_nentation referenced within this r_port is included in the log book which

accompanies each stage.

1.h.2 Turnover

1.4.2.1 Douglas Space Systems Center

Turnover of the Saturn DSV-hB-I-I (S-IVB-501) Stage, for transport to Douglas

STC, was made 3 March 1966 at Douglas SSC, Huntington Beach. Conditional accep-

tance was made by the Air Force Plant Representative, Quality Assurance Division

Representative. A letter, A3-131-12.30.8.2_L-h48, dated 3-9-66, from the Douglas

Contracts Manager to the NASA/MSFC ResidenL Management Office (I-CO-SO) covered

the submiLtal of doc_entation for purposes of technical turnover of the stage

to STC. A copy of that letter and accompanying documentation is included in the

stage log book (reference Vol. l, Part l, Section 1).

1.4.2 Sacramento Test Center

Turnover of Stage 501 _s made 12 August 1966 at STC. Final acceptance was made

hy the Air Force Representative, Quality Assurance Division Representative, by

DD 250 (packing sheet No. SM-33225-6). Letters, A45-870-L32, A3-131-5.9-11.8-L-

2080, dated 9 August 1966, from Douglas Management at STC to the NASA Resident

Manager at STC submitted the documentation necessary to effect turnover. A copy

of this letter and the accompanying documentation is included in the Stage Log

Book.

The APS modules have been stored at STC/VCL, temporarily, and will be shipped

separately at a later date.

1.4.3 Age Requirements

Certain components of the Stage 501 systems have age requirement factors. Data

defining the requirements, and records relative to age items, replacement sched-

ules, and storage procedures, are on file at SSC.

3/4
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SECTION 2

SYSTEM TEST SUMMARIES
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2.0 System Test Summa r_

The following paragraphs present a narrative summary of manufacture and

stage checkout of the S-IVB-501 Stage. Stage checkouts conducted at the

Sacramento Test Center (STC) and the Space Systems Center (SSC) are summariz-

ed in paragraphs 2.1 and 2.2 respectively, and the manufacture and associated

testing of the stage are summarized in paragraph 2.3. Detail narration of

the stage checkouts at STC and SSC is presented in section _.

2.1 Stage Checkout - Sacramento Test Center (STC 1

The Stage 501 acceptance test program, conducted at the Sacramento Test
r

Center, verified the functional performance of the stage systems, at sea

level conditions, during static acceptance firing and simulated coast

phase. The S-IVB-501 Stage Acceptance Firing Test Plans SM hTB77, delineated

the general philosophies of the STC test program; and Test Request i041,

S-IVB-501 Stage Acceptance Firing - Revision i, authorized the acceptance

firing and depicted the test objectives and requirements. Stage preparation

included the performance of prefire checkouts designed to ensure a condition

of readiness for the stage, facility, and ground support equipment to

conduct a successful static acceptance firing program.

Test Request 2075, Confidence Test Firing - APS Module No. i; and Test

Request 2076, Confidence Test Firing - APS Module No. 2 authorized the

respective APS Module acceptance firings and delineated the test objectives

and requirements.

2.1.1 Prefire Activity

The Stage arrived at the Sacramento Test Center on 15 March 1966 and was

installed in the Beta Complex, Test Stand I, on 21 March 1966. The prefire

checkouts, conducted per the respective handling and checkout procedures,

were catagorized as follows for documentary presentation:

a. Test Preparation.

b. Propulsion system.



2.1.1 (Continued)

c.

d.

e.

f.

g.

H.

i.

Douglas Report SM-5318h

Electrical/electronic systems.

Structural inspection.

Common bulkhead vacuum.

Thermo-conditioning and environmental control systems.

Hydraulic system.

Integrated systems.

Countdown procedures.

The test preparation procedures convered the installation of the necessary

test equipment to perform and monitor the various stage tests, and

installation of the thrust structure purging network.

The propulsion system procedures pertained to the manual and automatic

checkouts, the leak and functional checks, and the final leak checks.

The electrical/electronic checkouts, consisting of twenty-three procedures,

covered the following eleven general systems:

a. Power distribution.

b. Digital data acquisition system.

c. Interface compatibility.

d. Propellant utilization system.

e. Telemetry system.

f. Range safety system.

g. Telemetry and range safety antenna system.

h. Single sideband system.

i. Cryogenic temperature sensor verification.

J. Exploding bridgewire system.

k. Auxiliary propulsion system.

The structural inspection procedure covered the necessary inspections

to veriI_y the structural integrity of the stage prior to static firing.

The common bulkhead vacuum procedure pertained to the techniques required

to verify the integrity of the common bulkhead and the adjoining LOX and

LH 2 tanks.

6
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2.1.1 (Continued)

The thermo-conditioning and environmental procedures pertained to supplying

a temperature-controlled environment and adequate purges to forward skirt,

aft skirt, and interstage assemblies.

The hydraulic system procedures covered the manual and automatic operational

modes to verify the capability of the stage hydraulic system to gimbal

the J-2 engine upon command.

The integrated systems p_ocedure pertained to the state of readiness of

the stage, test atand pneumatic consoles, and associated ducts and oables

to conduct propellant loading and acceptance firing.

The countdown procedure covered all facets of testing to verify the stage

activities to conduct a successful static acceptance firing, subsequent

propellant off-loading, and stage securing.

The prefire checkout procedures for the Auxiliary Propulsion System Modules

1005-1 and 1005-2 verified the following for each module:

a. Interface electrical checkout.

b. Propulsion system test preparation and checkout.

c. Countdown procedure and confidence firing.

Completion of the auxiliary propulsion system prefire checkout procedures

resulted in successful static acceptance firings for Module 1005-1 on

6 May 1966 and for Module 1005-2 on 13 May 1966.

2.1.2 Acceptance Firing

The static acceptance firing activity for the stage was controlled by two

separate countdown attempts, numbers 61_061 and 614063.

a. Run 1A, conducted on 19 and 20 May 1966, achieved 50 seconds of

mainstage operation before engine cutoff as a result of a SIM

interrupt.

Run IB was initiated after test stand inspection, but aborted

due to aleakage condition of the cold helium crossover pneumatic

valve in console B.
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2.1.2 (Continued)

b. Run 2A, accomplished on 25 and 26 May 1966, achieved a successful

static firing which consisted of a first burn period of 150

seconds, a simulated coast period of 1.5 hours, and a second

burn period of 300 seconds.

The static acceptance firings for the APS Modules were conducted without

incident on 6 May 1966 (S/N 100S-l) and 13 May 1966 (S/N 1005-2).

2.1.3 Post-Fire Activity

The post-fire activity on this stage was divided between the test stand

in the Beta Complex and the vehicle checkout laboratory (VCL).

The test stand checkouts included:

a. Propulsion system.

b. Hydraulic system.

c. Structures inspection.

d. Thermo-conditioning and environmental control system.

The propulsion system tests included leak checks, a system automatic

checkout, an engine alignment, and a test equipment removal procedure.

The hydraulic system checkouts covered an automatic test and a manual

system operation and securing operation.

The stage structural test verified structural integrity subsequent to

static firing.

The thermo-conditioning and environmental tests pertained to the forward

skirt thermo-conditioning checkout and the forward and aft skirt purge.

The VCL stage checkouts consisted of the following:

a. Installation test preparation.

b. Propulsion system.

c. Electrical/electronlc systems.

d. Thermo-conditioning and environmental control system.

e. Hydraulic system.
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2.1.3 (Continued)

f. All systems test.

g. Weigh and balance procedure.

The installation test preparation checkout covered the test equipment
installation necessary to conduct the required test sequences.

The propulsion system checkouts included a manual control check, a leak

check, and a manual and automatic test for the auxiliary propulsion system

setup.

The electrical/electronic tests consisted of seventeen separate procedures

catagorized as follows:

a. Power distribution tests.

b. Digital data acquisition system tests.

c. Propellant utilization system tests.

d. Telemetry system tests.

e. Range safety system tests.

f. Single sideband system tests.

g. Exploding bridgewire system tests.

h. Electro-magnetic compatibility check.

The thermo-conditioning and environmental checks covered the stage forward

skirt thermo-conditioning operation, as well as the aft skirt and interstage

purge test.

The hydraulic system checkout pertained to the system setup, operation,

and securing.

The all systems test verified the operational capability of the stage to

function in the simulated flight mode with the electrical umbilicals

disconnected at simulated launch.

The weigh and balance check determined the total stage weight, as well as

the stage center of gravity point.

The post-fire checkouts for the APS Modules (1005-1 and 1005-2) included

a disassembly/reassembly check, a decontamination check, an electrical

control system check, and a propulsion system check.
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2.2 Stage Checkout, SSC/VCL

The stage was placed in the checkout tower on 15 November 1965 and prepared

for systems tests. Checkout operations started on 22 November 1965 and

continued in parallel with manufacturing operations until 29 January 1966.

Work was active for 65 days after the stage entered the tower. Checkout

was active for h3 of the 65 days. Detailed narration on all tests conducted

will be found in paragraph h.2, with six major areas of testing being covered.

These areas are:

a. Umbilical mechanical mating.

b. Environmental control systems.

c. Electrical/electronic systems.

d. Engine alignment.

e. APS simulation.

f. Hydraulic system.

As certain portions of the tests were performed simultaneously, the grouping

is arbitrary in order to form a coherent narrative sequence.

The umbilical mating tests, consisting of two procedures, were conducted,

and verified the umbilical fit and function.

The environmental control systems tests of the forward skirt thermo-

conditioning system, consisting of three procedures, were accomplished

satisfactorily with no procedural problems encountered. The system was

maintained above dew point and between 70 ° and 100°F to reduce condensation.

The temperature was controlled between 52 ° and 60°F (flight condition)

while the R.F. power detectors were being calibrated.

The hydraulic system tests, consisting of two procedures, were satisfactorily

completed after some difficulty with hydraulic leaks, programming, procedure,

and data description tape errors and timing changes. There were no stage

malfunctions and all known problems were resolved prior to the All Systems

Test.

I0
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2.2 (Continued)

The electrical/electronic systems tests comprised fourteen procedures

which are divided into ten areas. These areas are:

a. Continuity compatibility tests.

b. Power distribution tests.

c. Signal conditioning test.

d. Digital Data Acquisition tests.

e. Exploding Bridgewire test.

f. Propellant Utilization tests.

g. Level sensor and control unit test.

h. Cryogenic temperature sensor test.

i. Telemetry and Range Safety antenna test.

J. Electromagnetic compatibility tests.

Revisions to the procedures were made as required to implement procedure

corrections and changes, and to allow testing with the existing equipment

shortages_ Difficulties and problems encountered were corrected.

The engine alignment procedure was conducted without discrepancy, as was

the auxiliary propulsion system (stage portion) checkout. The hydraulic

system automatic checkout was also run without functional failures occurring.

A listing of VCL tests included in the end item test plan, which were not

run during the VCL testing period, is included.

2.3 Incomplete FARR's

The following listed FARR's were open at STC turnover:

A192195 - Strain gauge, P/N SA-13-125TA-120, S/N S075, on cable

assembly, P/N 1BSh076-1, had incorrect checkout

readings and was removed. A replacement part was not

available.

A204807 - Transducer 403MT670, P/N 1B402042-517, S/N D002, was

suspected of malfunctioning. The problem was held

for disposition at KSC.

A204825 - LOX fill and drain valve, P/N 1A482h0-501, leaked and

was removed. WR0 2795-R1 contains disposition on

replacement parts.



Douglas Report SM-5318h



Douglas Report SM-53184

2.3 (Continued)

A204829 -

A204839 -

A204845 -

A204848 -

A204906 -

A204909 -

A205005 -

A205007 -

A205014 -

A205020 -

Check valve, P/N IB53920-501, allowed reverse flow. The

valve was removedbut no replacement part was
available.

LOXtank relief valve and LH2 chilldown system check
valve leaked and were removed. Replacementparts were
not available.

Debris was noted in the forward and aft skirt areas.

The problem is to be reconsidered at FTC.

Transducers, P/N I_67862-505, S/N's C40, C42, and C97,
and P/N IA67862-501, S/N C57, malfunctioned.

Disposition was delayed pending investigation of the
problem at FTC.

Standoff, P/N IB37889-557, in the main tunnel area,

was debonded. It was removedand rebonded, and the
FARRremained open pending examination of the rework.

Insulation in the forward and aft domeareas was

wrinkl@d in several places. This problem was held for
Engineering disposition.

Transducer cable assembly 403MT670,P/N IB40242-63, was
cut. It was removed,'but a replacement part was not
available.

MeasurementsC210, El03, M023, S070, and S071 were

discrepant. The problem was held for disposition at FTC.

There was a loose electrical jack on range safety decoder,
P/N 50MI0698-I. The jack was removed, but a replacement

part was not available.

Accelerometers 411MT675,P/N's IA68707-577 and -597, S/N's

E096 and ELI5, malfunctioned. They were removedbut

could not be replaced due to parts shortages.
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3.0 Stage Configuration

The definition of the configuration of the Saturn S-I_-501 Stage, and all noted

variations to the stage, are detailed in the paragraphs of this section. Included

are explanations of why each part was a variation, and descriptions of the sig-

nificant differences between that part and the parts to be used on subsequent

stages. Those modifications incorporated prior to final acceptance firing of

the stage are also noted.

A tabulation of time/cycles accrued on time/cycle significant stage components

is presented.

Scope changes affecting the stage are briefly described, to give a background on

the interest of the change, its implementation, and the extent of the incorpora-

tion.

Reference to existing contractural configuration control paper is given wherever

possible.

3.1 Design Intent Verification

The Engineering Configuration List (ECL) defines the configuration of the stage

as Space Vehicle, Manufacturing Serial Number 1005, MSFC identification number

S-IVB-501. The ECL document, dated 25 May 1966, revision B, includes a listing

of all parts, nonhardware drawings, manufacturing and process specifications

required for manufacture and test of the stage as defined by Engineering produc-

tion drawings, and EO releases. The ECL was transmitted to NASA under a separ-

ate cover.

Verification of the Engineering design intent is accomplished by comparing the

ECL, the Planning Configuration List (PCL), and the Reliability Assurance Depart-

ment As-Built Configuration List (ABCL). Any noted discrepancies were resolved

by the contractor, and a listing of the resultant action is filed at the con-

tractor's facility.

3.2 Stage Variations

Components and assemblies which are variations to the stage design are identified

by SEO •dash numbers after the part number, and are detailed in this paragraph.

Only serial numbered Flight Critical Items, installed in the stage with SE0's,

are reviewe_. A description of these variations by part nsme, number, and serial

number, is presented with the applicable SE0's.
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3.2 (Continued)

The following c_aponents m_d assemblies have variations, most of which are minor.

All components and assemblies are of production configuration unless otherwise

specified.

.Paragraph Part N_ne Part Number S/____N

3.2.1 Valve, Shutoff, LH 2 Chilldown System 1A49965-511-008A 0303

3.2.2 Module, LOX Pump Purge 1A58347-505-003 023

3.2.3 Mounting Assemblz_ Sequencer 1B39550-501-008 00002

3.2.4 Mounting Assembly, Power Distribution IB51211-501-007 0002
Aft 56 VDC

Mounting Assembly, Power Distribution 1B51354-501-005

Aft 28 VDC 1B51354-501-006

Mounting Assembly, Power Distribution 1B51379-501-006A
Forward

3.2.5 00002

3.2.6 00002

3.2.1 Valve_ Shutoff, LH 2 Chilldown System (IA49965-511-008A, S/N 0303)

SE0 IA49965-51i-008A deleted certain acceptance test and hardware requirements

because of a shortage of time. The schedule problem arose because valves, P/N's

IA49965-507 and -509, were reworked to conform to the -511 and -513 configurations.

3.2.2 Module_ L0X Pump Pur_e (IA58347-505-003, S/N 023)

SEO IA58347-505-003 provided instructions for assembling module, P/N IA58347-400,

and cap, P/N IB54754-I, normally assembled and installed by the vendor. These

operations were necessary because the module was procureG from the vendor per

WRO S-IVB-091, without provisions for the installation of the cap.

3.2.3 Mounting Assembly, Sequencer (IB39550-501-008_ S/N 00002)

SE0 IB39550-501-008 authorized the use of a non-flight part for purposes of

vehicle checkout, because flight parts were not available at the time of the test.

3.2.4 Mo_tin_ Assembly_ Power Distribution, Aft 56 VDC (IB5121]_501-007_ S/N 0002)

SE0 IB51211-501-007 authorized the use of a non-flight part for system tests,

with the restriction that a flight-approved part would be installed prior to sta-

tic acceptance firing. Approved parts were not available at test time.
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3.2.5 Mounting Assembly I Power Distribution_ Aft 28 VDC (IB51354-501-005_ -006 _
S/N 00002)

SEO's IB51354-501-005 and IB51354-501-006 both allowed the temporary use of non-

flight parts, to permit vehicle checkout operations to proceed on schedule.

Flight parts were not available.

3.2.6 Mounting AssemNly, Power Distribution s Forward (IB51379-501-006A_ S/N 00002)

SEO IB51379-501-006A also permitted non-flight parts to be used in vehicle check-

out, providing these parts' were replaced prior to firing tests at STC. Flight-

authorized parts were short at test time.

3.3 Scope Change (SO) and Engineering Chan_c oposal (ECP) Verification

Verifications of SC/ECP's which affect the stage have been listed on form DD829-I,

which is included in the stage log book. SC's and ECP's which could not be veri-

fied prior to stage delivery, because of equipment shortages, have been verified

to the extent of completion by Douglas/AFQA personnel, and recorded in the Stage

Log Book on a separate form. SC's scheduled for accomplishment after turnover

are listed in the Turnover Documentation section of the Stage Log Book. Verifi-

cation is detailed in the following four paragraphs as SC/ECP's incorporated in

the initial design; SC/ECP's incorporated and verified at DAC; SC/ECP's partially

verified, being monitored; and SC/ECP's to be incorporated and verified after

turnover.

3.3.1 Scope Changes/Engineering Change Proposals Incorporated in the Initial

a. SC IOI6B, authorized by CCO 21 and 29, deleted the provisions for stage

retro-rockets.

b. SC 1024, authorized by CCO 23, provided for a J-2 engine turbopump warm

helium purge.

c. SC I027B, authorized by CCO 40, provided for the incorporation of recir-

culation type chilldown and prevalve installation.

d. SC I075B, authorized by CCO 35, 42, and 55, provided for redesign of the

propellant tank structure, to meet requirements for increased tank pres-

surization.

e. SC 1096, authorized by CC0 25, provided for the removal of the fiber-

glass heat barrier which insulated the forward and aft skirts from the

cryogenic propellant tanks.

f. SC ll04A, authorized by CC0 49, 54, 76, 77, 160, 207, and 238, provided

for the redesign of the stage umbilical propellant fill and drain coup-

lings.
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3.3.1 (Continued)

g. SC 1115, authorized by CCO51, 117, 250, and 251, provided for imple-
mentation of specs concerning vibration, acoustic, and shock tests.
Also provided for were redesign of the LOXvent line, and the de_;ign
and installation of tube clamps for the hydraulic hardlines.

h. SC1151, authorized by CCO113, [54, 235, and 356, provided for design
ch_ges to allow for increased pressure in the stage hydraulic system.

i. 8C ii_, _uthorizod by CCO98, added a check valv_ i_ _e OH2 bleed
line.

J. SC1167, authorized by CCO237 and 330, provided for the monitoring and
checkout of _-2 engine pressure switches and valves.

k. SC1176, authorized by CCO79, provided for the incorporation of MC/MF
flared tube connectors in the stage.

1. SC 1185, authorized by CCO125 and 187, provided plug supervision cir-
cuits for GSEinterface connectors.

m. SCIi95A, authorized by CCO140, 230, 336, 339, 591, 397, and 407, pro-

vided for tra_sducer installation and measurements required for the

stage Basic Firing Measuring Progr_m.

n. SC 1204, authorized by CCO 171, 220, 360, and 371, provided l'or the

incorporation and modification of the complete telemezry system.

o. SC 1221A, authorized by CCO 210, provided for the redesign of the APS

module for the ullage rocket system.

p. SC 1232A, authorized by CCO 242 and 330, provided for the revision of

the stage electrical system to conform to GSE compatibility require-
ments.

q. SC 1243B, authorized by TD71, provided for acceptance firing the APS

modules at STC complex gsm_a.

r. SC 1266, authorized by CCO 281 and 455, provided for a backup LOX tank

pressurization system, independent of the vehicle control system.

s. SC 1276, authorized by CCO 267, 273, and 295, provided for electrical

interface connectors and cabling to connect the post-separation trans-

ducers in the stage.

t. SC 1277, authorized by CCO 265, provided for the incorporation of an

emergency detection system in the stage.

u. SC 1278A, authorized by CCO 27], provided for redesign of the circuitry

for coarse loading potentio_leters.

v. SC 1282, authorized by MSFC letter I-V-S-64-48, provided an electricaL]

connector bracket for stage to instrument kit connections.

w. SC 1295, authorized by CCO 282, provided for hardwire measurement capa-

bility through the _ubilical.

x. SC 1306, authorized by CCO 296, provided for drawing ch_mges to reflect

the exploding bridgewire unit status change to a government furnished

part.

y. SC 1354, authorized by MSFC letter I-CO-SD-L-1205, incorporated the

range safety system controller provided by MSFC.

18
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3.3.1 (Continued)

z. SC 1363, authorized by CCO 329, provided incorporation of _,n on-off

control system for the telemetry transmitter.

aa. SC 1364, authorized by CCO 368, 395, 459, and 602, provided for incor-

poration of modifications called out in the J-2 engine electrical inter-
face document.

ab. SC 1390, authorized by CCO 201 and 341, provided for the removal of

telemetering circuits monitoring the APS.

ac. SC 1397, authorized by CCO 351, provided a safing system to ensure

against the ina@vertent firing of the ullsge rccket motors.

ad. SC 1400, authorized by CCO 354, 429, and 508, provided revised channel

assignments for mission control data.

ae. ECP XOO5, authorized by CCO 365 and 406, provided for the allocation of

discrete launch sig_als to separate bilevels on the PCM/DDAS.

af. ECP X043, authorized by CCO 409 and 468, provided individual internal-

external control each zange safety receiver and EBW firing unit.

3.3.2 Incorporated and Verified Scope Changes/Engineering Change Proposals

No scope changes or engineering change proposals, which were not incorporated

in the initial design, were incorporated and verified at the time of stage

turnover.

3.3.3 Partially Verified Scope Chan_es/Engineering Change Proposals

The following SC's/ECP's have been partially verified by Douglas personnel.

active status is being maintained in the stage log books until complete

incorporation and verification is accomplished:

_n

a. ECP xIg0, authorized by NASA letter I-C0-S-IVB-5-762, provided for

changes to the forward skirt environmental control system.

b. ECP X199, authorized by CCO 634 and 691, provided for redesign of

the APS modules.

c. ECP 0450, authorized by MK/WK, provided for changes in the auxiliary

tunnel cover.

3.3.4 Scope .Changes/Engineering Change Proposals to be Incorporated and

Verified after Turnover

The following SC's/ECP's will be verified after turnover of the stage:

aQ SC1045B, authorized by SA350 and CCO 118, documented the design

criteria for the Douglas evaporative heat transfer system, used

to condition the NASA instrument unit and the S-1VB forward skirt

electronic components.
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3.3.4 (Continued)

b. SC1124, authorized by CCO259, provided closed loop checkout
capability to enable closed loop checkout of the S-IVB command
RF system in the Vertical Assembly Building at KSC.

c. SCl153A, authorized by CCO163 and 280, provided for redesign and
modification of the propellant dispersion system, to enable the
componentsof the system to be installed in a minimumamount of
time under condition's which will prevail during prelaunch at KSC.

d. SC1187, authorized by CC0136, 172, and 330, and letter CL 64-89,
provided for the installation of MSFCfurnished control
accelerometer and rate gyros.

e. SC1189, authorized by CC0lll and 126, provided for the parts and
documents for the translunar coast.

f. SCll93, authorized by CC0_56, provided for the redesign of the
L0X tank vent line and supporting hardware.

g. SC1203, authorized by CC0 168, provided for L0X and LH 2 turbopump
RPM measurement.

h. SC 1207, authorized by CC0 197, 213, 330, 343, and 414, provided

for modification of the propellant utilization system.

i. SC 1218, authorized by CCO 202 and 330, defined recirculation

pump procurement requirements.

J. SC 1219, authorized by CC0 201, provided for the removal of the

telemetry circuits which monitor the application of voltage to

the quad-poppet valve solenoids in the APS modules.

k. SC 1241, authorized by CCO 222, provided an additional sensing

and associated wiring in the L0X and LH 2 tanks for the J-2

engine cutoff system.

1. SC 1247, authorized by CCO 227, provided a mounting bracket for the

EBW units and pulse sensors.

m. SC 1274, authorized by CC0 264 and 330, provided short circuit

protection for the stage power supplies.

n. SC 1297A, authorized by CCO 284, provided for design modification

of the forward skirt for venting purposes.

o. SC 1304, authorized by CC0 288, provided for redesign and manufacture

of the LH 2 tank for pressurization reduction.

p. SC 1326, authorized by CC0 279 and 595, added the requirement for

differential pressure measurements across the LH 2 and LOX
recirculation pumps.

q. SC 1344, authorized by CCO 210 and D134, provided specifications

for the "LEM" oxidizer tank assembly.

r. SC 1376A, authorized by CCO 395 and 467, provided for the reduction

of trapped propellants at burnout.
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3.3.4 (Continued)

s. SC 1383A, authorized by NASAletter I-C0-SD-4-1616, provided for the
design and development of dual diaphragm switches.

t. ECPX008, authorized by CCO257 and 362, provided for the installa-
tion of additional strain gauges.

u. ECPX009, authorized by CCO374 and 430, provided modifications to
the LH2 Srbital experiment.

v. ECPX021, authorized by CCO363_ provided for static test
monitoring of the engine turbopump RPM.

w. ECPX039, authorized by CCO394 and 471, provided for production
vibration test of pressure switches.

x. ECPX071, authorized by CC0668 and 669, provided for modification
of the telemetry calibrator.

y. ECPX082, authorized by CC0434 and 539, instituted engine
transducer design requirements.

z. ECPX083, authorized by CC0438 and 568, provided for additional
telemetry measurements.

aa. ECPX085, authorized by CCO444_ provided for redesign of the
engine cutoff circuitry.

ab. ECPX092, authorized by CC0451, provided for interface
connections.

ac. ECPX099, authorized by CC0461_ provided for additional umbilical
hardwire measurements.

ad. ECPXI09, authorized by CCO476 and 524, provided for stage
measurementchanges.

ae. ECPXII3, authorized by CCO472 and 539, provided a method for
implementing the secure range safety commandsystem.

af. ECPXII7, authorized by CCO488, 547, 622, and 665_ provided for
installation of an instrumentation probe and a quality meter.

ag. ECPXII9, authorized by CCO502 and 586, provided design
modifications for venting the LH2 tank.

ah. ECPX124, authorized by CC0506, 539_ and 562_ provided stage
changes_ as required, for Rocketdyne ECPcompatibility.

ai. ECPX134, authorized by CCO526, 537, 573, and 636, provided for
the redesign of the J-2 engine/stage electrical interface D and
redesign of the customer connect panel.

aJ. ECPX136, authorized by CCO329, 538_ and 631, provided for a
commonstage coolant system.

ak. ECP X137_ authorized by NASA letter I-V-S-TD-65-53_ defined the

programmed mixture ratio.
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3.3.4 (Continued)

al. ECP X152, authorized by NASA letter TD65-78, provided purge

requirements for the J-2 engine.

am. ECP X165, authorized by CCO 567, prgvi_ fo_ p_og_m_mi_ of l_n@_

control measurements.

an. ECP XI71, authorized by CCO 79 and 582, provided for flared tubing

for the stage.

ao. ECP X176, authorized by CCO 587, provided modifications to the

thrust structure.

ap. ECP X188 provided measurements for the secure command system.

aq. ECP X198, authorized by CCO 658 and 692, revised the engine thrust

OK circuits.

ar. ECP X209, authorized by NASA letter TD65-96, revised forward skirt

paint requirements.

as. ECP X217, authorized by CCO 698, provided for black teflon hoses

for the stage hydraulic system.

at. ECP X222, authorized by TD 66, modified the LOX and LH 2 tank probes.

au. ECP X224, authorized by CCO 739, provided reeirculation chilldown

pump pressurization measurements.

av. ECP X239, authorized by CCO 729, provided implementation of safing

engine start circuits.

aw. ECP X248, authorized by CCO 760, provided for installation of

aluminum tape/sheet for use in the cold plates.

ax. ECP X252, authorized by NASA letter I-CO-SIVB-6-63, provided a

shot peening requirement for the APS oxidizer tanks.

ay. ECP X255, authorized by NASA letter I-CO-SIVB-6-130, provided for

the design and installation of thermal insulation for the Model ii

switch selectors.

az. ECP X262, authorized by NASA letter I-CO-SIVB-6-198, modified the

EDS cutoff circuits.

ha. ECP 0271, authorized by CCO 798, provided additional measurements

for the range safety system.

bb. ECP 0277, authorized by CCO 801, deleted the dispersion system

pyrotechnic connection.

bc. ECP 0278, authorized by CCO 809, rechanneled telemetry measure-

ments to change sample rates.
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3.4 Waivers and Deviations

The following is a list of waivers and deviations that comprise part of the

midge turnover doeumentation to FTC. The stage waivers and deviations are

reflected as Enclosures 2 and 3 of Douglas STC Turnover Documentation letter

forwarded to NASA STC Resident Manager. A copy of subject letter and documen-

tation are included in the stage log book.

3.4.1 Waivers

The following is a list of specifications which pertain to S-1VB Stage 501,

and have been affected by the noted Waiver Requests:

SPECIFICATIONS WAIVERS

MSFC-DWG-50M60061 4B-43

IP00065 -58

IP00066 -58, -65

MSFC-PROC-158A -66, -75, -76, -77, -87

MSFC-MC-146 -74

MIL-STD-453 -82

MSFC-DWG-10509386 -83

MIL-R-II471 -84
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1.4.2 Deviations

The following is a list of specifications which pertain to S-IVB Stage 501,

and have been affected by the noted Deviation Requests:

SPECIFICATIONS

M_L-P-55_SB

MIL-W-8604, Amendment 1

MIL-P-19692A

MIL-U-25475A

MIL-U-70327, Amendment 1

MSFC-SPEC-143

MSFC-PROC-158A

MSFC-SPEC-164

QSFC-PROC-166A

MSFC-PROC-196

MSFC'PROC-252

MSFC-PROC-293

ABMA-PD-W-45A

ABMA-PD-E-53

ABMA-PD-C-711A

MIL-STD-442

MSFC-STD-100

MSFC-STD-156

MSFC-STD-163

!-STD-204A

MSFC-STD-271

MSFC-MC-347

DEVIATIONS

_B-22_

-131

-194

-150, -152, -153, -225

-335, -357

-307

-70, -71, -86, -90, -96, ,i00, -104,

-226, -254, -274, -311, -447, -449,

-469, -534

-163, -167, -168, -227, -240, -241,

-243, -258, -410

-215, -264, -265, -266, -475, -477-

-253

-159, -160, -161, -162, -221, -567

-195, -197, -198, -199, -213, -250,

-277

-130

-284, -500

-492

-289

-247

-i, -2, -3, -4,-48, -49, -60

-iii, -118, -119

-156

-454, -457, -458, -459, -462, -528

-239
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3.4,2 (Continued)

SPECIFICATIONS

ABY_-STD-4288

MSFC-DWG-10301617

MSFC-DWG-10M81618

MSFC-DWG-10443377

IN-P&VE-8-63-2

ABMA-DSN-TN-3-59

SM-41411 (9709486)

SM-41411 (le20050)

SM-41411 (IP00066)

SM-41411 (IP20030)

SM-41411 (ie00085)

SM-41411 (iP20083)

SM-41411 (IP20006)

sM-41411 (1P2OOOl)

SM-41411 (MSFC-PROC-166A)

SM-41411 (iP00065)

SM-41411 (IP20075)

SM-41411 (IP20074)

$M-41411 (9709481)

SM-41411 (9709457)

SM-41411 (IP00092)

SM-41411 (IP00077)

SM-414II (IP20011)

SM-41411 (IP20056)

SM-41411 (IP00068)

SM-41411 (iPO0011)

DEVIATIONS

4B-252

-179

-174, -175, -176, -177, -178, -251_ -_a

-123

-498

-230, -231, -233, -234, -235, -316,

-327, -328, -329, -330, -331, -332

-298

-299

-3OO

-302

-303

-314

-315

-351

-353

-4o_

-411

-448

-465

-466

-478

-481

-483

-484

-491

-518

-5<.9
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3.4.2 (Continued)

_PECIFICATIONS

SM-41411 (iP00066)

SM-41411 (9709014)

SM-4ihll (IPO003_

SM-41411 (IP00059)

SM-41415

SM-41568

R-3825-I

DEVIATIONS

4B-512

-517

-52O

-526

-364

-527

-532

3.5 Reliability Time/Cycle Significant Items

Twenty items on Stage 501 are designated as time and/or cycle significant.

These items are detailed in drawings 1B 55425H and 1B 55423D, which define

the meaning of cycles and hours as applied to the individual components.

total number of J-2 engine gimbal cycles exceeded 100 per cent of the

total acceptable. However, this was acceptable because the vast majority

of the cycles were of a "small angle" nature. Calculation of this

percentage for future stages will take this into account. FARR A204919 was

written reflecting this problem, and noting that 32 per cent of the cycles

were registered when the computer locked up during the integrated systems

test.

A tabulation of the accrued time/cycles on Stage 501 components appears on

the following pages.
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4.0 Detailed _iarrative - Stage Checkout

A detailed narration of stage checkout is presented in this paragraph. The major

subparagraphs comprising the detailed narrative are: 4.3 Stage Checkout - STC;

4.2 Stage Checkout - SSC% and 4.3 Stage Manufacturing Tests. Each of these major

subparagraphs is further subdivided to the degree required to present a complete

historical record of the stage checkout.

Permanent nonconformances and functional failures affecting the stage have been

recorded on FARE's, and are referred to by serial number throughout this para-

graph (e.g. FARR A159426). Those FARR's referred to in paragraph 4.1 are pre-

sented, in serial number (numerical) order, in section 1 of table I; and those

referred to in paragraphs 4.2 and 4.3 are similarly presented in section 2 of

table I.

4.1 StaGe Checkout - STC

Checkout of the stage at STC began in March 1966, and was successfully completed

by August 1966.The handling and checkout procedures were performed to meet the

test objectives outlined _n Test Request 1041, Stage Acceptance Firing. Two

countdown attempts were required to attain a successful acceptance firing of the

stage. The prefiring and post-firing "as run" procedures reviewed under this

paragraph were included as part of the SIVB/5 Flight 1005 Stage Log Book.

The APS attitude control control modules were tested separately to the require-

ments of Test Request 2075, Confidence Test Firing, APS Module 1005-1, Complex

Gamma. The APS "as run" procedures reviewed under this paragraph were also in-

cluded as part of the S-IVB-501 Stage Log Book.

4.1.1 Test Preparation

Two procedures were conducted to prepare the stage for prefire checkout.

were:

a. Installation test preparation.

b. Thrust structure purge system installation.

These

4.1.1.1 Installation Test Preparation Document (IB70422 N/C)

Test Explanation

The purpose of this checkout procedure was to verify the configuration and per-

formance of the stage propulsion test installations required for the static test

preparation of the stage.
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4.1.1.1 (Continued)

Test Peview

This test preparation procedure, initiated on 24 March 1966 and accepted on 19

May 1966, verified the stage propellant system test installations for the pre-

static acceptance tests, static firing test_ and the post static checkouts in

th_ %e_t _tand, B_t_ complex. The specific checkouts _nd c_lib_t_o_ i_lu_:

a. Orifice flow calibrations.

b. LH 2 and L0X tank pressurization module calibration, and the LOX chill-

down pump purge module calibration_

e. LH 2 propulsive and nonpropulsive vent purges, and the L0X ve_t and

relief purge.

d. Connection of ground lines to the stage (umbilical, vent, and pneuma-

tic connections).

e. Vehicle monitor pane_ connections.

f. LH 2 and L0X tank auxiliary pressurization system connections.

g. Forward and aft umbilical carrier purge connections.

h. Prevalve ground control connection.

i. LH 2 prevalve shaft seal drain connection.

j. Diffuser installation.

k. Ground support equipment pressure switch checks. (Engine bell exten-

sion water pressure switch and the gaseous hydrogen ignitor pressure

switch).

i. LOX and LH2 repressurization system isolation.

m. LOX and LH 2 chil!down inverter and LH 2 regulator shutoff isolation.

Thirty-one revisions were written to the test installation procedure. Twenty-

seven provided additional instructions for the hook-up, checkout, and removal of

the permanent and temporary component installations required to verify the stage

systems; two pertained to ensuring the integrity of the vacuum system setup; one

revision provided instructions to inspect the J-2 engine injector face prior to

the installation of the engine throat plug; and one revision deleted a procedure

step no longer required for this procedure.

No discrepancies were noted against this procedure.

4.1.1.2 Thrust Structure Purge Installation (IB60254 D)

Test Explanation

This procedure provided the instructions to install the Model 742 environmental
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control systems test hardware in the aft skirt area of the stages.

Test Review

This checkout procedure, performed and accepted between 13 and 19 May 1[)66, veri-

fled the installation of the thrust cone purge system. The Installed test hard-

ware sealed purge gas leakage sources, furnished additional purge gas to the

thrust cone area to ensure complete oxygen evacuation, and replaced flight hard-

ware during the static firing.

Two revisions were written to this procedure: One deleted procedural steps no

longer required for this checkout procedure; and one omitted the fairing spacers

from the chilldown pump fairing installation, to prevent an interference problem

between tile internal rib of the fairing cover and a 1/h in. tube assembly.

There were no discrepancies on record.

h.l.2 Propulsion System Tests

Four test procedures were conducted to determine the prefiring condition of tile

stage propulsion system. These procedures were:

a. Propulsion system manual checkout.

b. Propulsion system automatic checkout.

c. Leak and functional checks.

d. Final propulsion system leak check.

h.l.2.1 Sta_ge and Manual Ground Support Equi_Dment Manual Controls Check

IiBy0h20 NC)

Test Explanation

The purpose of this procedure was to provide instructions for verifying the man-

ual mode control of the pneumatic components in the stage propulsion system and

the associated ground support equipment. Included for functional checks were the

pnel_atic regulators, solenoid valves, and pneumatic valves on the stage, sup-

port equipment consoles A, Model DSV-hB-319, P/N IA98160, and the LH 2 and LOX

control skids.

Test Review

This checkout procedure, initiated on 2 April 1966 and accepted on 29 April 1966,
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4.1.2.1 (Continued)

verified the manual control of the pneumatic components of the stage propulsion

system, and associated ground support equipment. The verification consisted of

supplying the electrical and/or pneumatic signals to the respective system com-

ponents and monitoring the response for comparison with design parameters.

Two revisions were written to this procedure: One deleted the procedural steps

accomplished by another H&CO, and the second revision altered the test sequence

to perform a pre-valve check at the stage umbilical level_ rather than at the

ground support level.

There were no discrepancies on record.

4.1.2.2 Propulsion System Test (IB62753 NC)

Test Explanation

This checkout procedure defined the automatically programmed sequence of events

required to verify capability of the propulsion system to function, in accordance

with design parameters, prior to static acceptance firing.

Test Review

This test, performed on 7 May 1966 and accepted on i0 May 1966, verified the

integrated electromechanical operational capability of the stage propulsion

system. The sequence of tests included:

a. Pressure switches were pressurized to the actuation pressures and re-
sults monitored.

b. Pneumatic control system components, LOX tank pressurization system

components, and LH 2 tank pressurization system components were operated

individually for functional capability verification and fault isolation.

c. J-2 engine system was divided into four phases for functional testing:

i. Phase i tested the spark ignition system.

2. Phase 2 checked the engine logic and delay timers.

3. Phase 3 pressurized the engine control helium bottle, and cycled

each engine valve through to normal sequence.

4. Phase 4 combined phases i, 2, and 3 to demonstrate the engine sys-
tem.

A total of forty-five revisions were written against this procedure: Thirty-seven

revisions corrected errors in the program, dictionary, or the test requirement

drawing; five revisions increased delay times to ensure complete response coverage;

two revisions accepted out-of-tolerance measurements as not detrimental; and one
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revision repeated a step. There were no failure reports written against this

procedure.

Test Review (Run IA)

This procedure, conducted and accepted on 19 May 1966 as Task i4 of Countdown

_anual IB60567, re-verified the integrated electro-mechanical functional capa-

bility of the stage propulsion system, prior to stage acceptance firing. The

components and systems re2verified included the pressure switches, pneumatic

control system, L0X and LH 2 tank pressurization systems, and the J-2 engine sys-

tem.

Fifteen revisions were written to this task: Thirteen corrected errors in the

program, dictionary, or the test request document; one increased the response

time on the engine valve solenoid relays to ensure complete measurements; and

one revision deleted the requirement to check the mainstage pressure switches

as not part of the sequence and aborts test.

Test Review (Run 2A)

Run 2A, performed and accepted on 25 May 1966, verified that the propulsion

system was capable of functioning in accordance with design requirements prior

to the acceptance firing test. Re-verified were the pressure switches, pneu-

matic control system, L0X and LH 2 tank pressurization systems, and the J-2

engine system.

A total of sixteen revisions were written to this procedure: Fourteen corrected

program_ dictionary, or test request document errors; one increased the response

time on the engine valve solenoid relays to ensure complete measurement of the

engine valve times; and one revision delet d the requirement to check the main-

stage pressure switches.

4.1.2.3 _ropulsion System Leak Check (IB70410 NC)

TesL Explanation

This checkout procedure defined the tesL sequences required to certify the

integrity of the stage propulsion system for static acceptance firing.

_he test sequences included:

a. Equipment setup.
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b. Pressure switch checks.

c. Stage proof checks.

d. Stage pneumatic system leak and functional checks.

e. Turbopump torque checks.

f. Engine star_ bottle leak checks.

g. Engine check valve reverse flow checks.

h. Engine gas geherator and exhaust system leak checks.

i. Engine pump purge leak and flow checks.

j. Engine thrust chamber leak check.

k. Engioe pneumatic leak and functional checks.

1. L}i2 tank pressurization system ]eak and functional checks including

pressure switch functional checks.

m. L0X tank pressurization system leak and functional checks.

n. LOX tankage leak and flow checks.

o. LH 2 tankage leak and flow checks.

p. LH 2 and L0X vent system leak checks.

Test Review

This procedure, initiated on 6 April 1966 and accepted on 12 Msy 1966, verified

the integrity of the stage for propeilan_ loading and static acceptance firing.

The stage propulsion system conformed physically to B/P IA383i8-517, propulsion

system installation, complete.

A total of seventy revisions were written to this procedure: Sixty--two per-

tained to instructions delineating the temporary connections and removal for test

hardware to facilitate the leai_ and functional tests, and the subsequen_ return

to the original configuration; four revisions covered the rerun of tests to verify

resul_s; three revisions deleted steps previously accomplished; and one revision

provided instructions to perform the leak and functional checks on _he auxiliary

propulsion system.

Seventy-one entries were noted on the leak check log: Sixty-three revisions

pertained to items that were corrected by replacing seals and/or sleeves, re-

torquing, or accepting tlie noted leaks as not detrimental to the system or test;

seven entries were corrected by rewelding the discrepant areas; and one item was

corrected utilizing a flex hose connection.
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4.1.2.4 Final Propulsion Leak Checks (IB70407 NC)

Test Explanation

This checkout procedure defined the final le_ check test sequences req13ired to

certify the integrity of the stage propulsion system for static acceptance firing.

The sequence of tests included:

a. Console valve integrity check.

b. Stage pnc_natic system leak check (heli_n).

c. Cold helium system leak check (helium).

d. LOX and LH 2 tankage leak check (halogen).

e. Engine thrust chamber leak check (helium).

f. Engine pneumatic leak and functional checks.

g. Gaseous nitrogen crossover removal.

h. System purges.

Audible methods were employed to detect major leaks; and bubble solution (com-

patible with LOX systems), observance of pressure drops within prescribed time

limits, and halogen or helium leak detectors were utilized to detect minor leak-

ages.

Test Review Run i

This test, conducted and accepted between 13 and 20 May 1966, verified the pro-

pulsion system design integrity and functional capability to undergo propellant

loading and static acceptance firing.

Thirteen revisions were written to this procedure:

a. Reconnect flex hoses to complete tests interrupted by the proofing of

static firing tapes.

b. Reconnect the LH2 and LOX repressurization pipe assemblies to conduct

the proofing of static firing tapes.

c. Instructions to perfozm the engine pneumatic leak and functional per

the current techniques (H&C0 IB70410, Propulsion System Leak Checks).

d. Instructions to rerun portions of the test to reverify the results

obtained during the console valve integrity check.

e. Instructions to perfo_1 a leak check on the LH 2 prepressurization

valve, console B, prior to wrapping.

f. Install a flex nose (1500 psi minimum) in the LH2 chilldown shutoff

valve actuation line to accomplish actuation of the LH 2 chilldown

valve (return to original configuration with tube assembly, P/N IB52511-

i, prior to static firing).
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g. Verii_ the samples of freon from the LH2 and LOXtanks meet the required
minimumstandard to accomplish valid leak checks (equal to or greater
than 1/2 of i per cent).

h. Instructions to perform leak checks of the thrust chambersupply line
_o the manifold, and the reverse flow of the thrust chambersupply
check valve.

i. instructions to perform the engine start bottle decay check.

j. Verify the thrust chatter quick disconnect flow rate, utilizing an
ambient gas flow through the thrust chambersystem.

k. Instructions to connect purge lines required for static acceptanc,
firing.

i. Delete the gas generator and turbopump seal cavity purge requirement
(required for recycle only).

m. Delete the requirement to vent the control helium sphere during securing
activities.

Thirty-one entries were noted oll the leak check log for _his checkout procedure:

Seventeen items pertained to acceptgole leak conditions not detrime_tal to the

test or system; thirteen items were corrected by replacing seals and/or retorquing

the connections; oue item pertained to the removal and replacement of a valve in

the ground support equipment that leaked excessively.

Test Review (Run 2)

This run, perfomned and accepted between 23 and 25 _ay 1966, verified the pro-

pulsion system integrity and subsequent to countdown, run IA, _id prior to count-

down, run 2A.

A total of fifteen revisions were written _o this checkout procedure:

a. _o pertained to pressurizing the thrust structure for leak checks -

one utilizing the CSE console and one bypassing the console.

b. Portions of the procedure not required for the recycling operation

were deleted.

c. instructions to install a flex line from the GSE helium supply to the

first stage helical discharge line, bypassing _he helium regulator nor-

mally installed but temporarily removed at test time, were added.

d. Decay check on the pnewaatic system in lieu of the individual leak

checks not required for recycling operation was performed.

e. Three revisions pertained to sampling the freon content of the LOX and

LH 2 tanks to ensure a sufficient quantity to perform valid leak checks.

f. Instructions were given to install a flex line in the LH 2 fill and

drain open acuation line for the LH 2 tank leak check.
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g. Leak check of the transfer system from the LH2 sled to the LH2 fill and
drain valve was performed.

h. Instructions were given to check the LOXchilldo_n pm._ppurge system
to ensure an adequate purge.

i. instructions were added to install the pnem_atic valve, P/N IA66600-
5i9, as t_Je cold h_lium crossover, in pl_ce of pneumatic valve, P/N
1A66600-513.

j. Leak checks of the LH2 feed and recircula_ion ducts, prior to instal-
ling the fairing covers, were performed.

k. Procedural steps no longer required for this test were deleted.

Ten _ntries were noted on the leak check log: Five items pertained to leakage

conditions that were acceptable as not detrimental to the system or checkout;

four items were corrected by replacing seals _Id/or retorquing loose connections;

and one item pertained to a leakage condition that subsequently rechecked satis-

factorily after cycling the componentthree times.

There were no discrepancies recorded during this procedure.

4.1.3 Electrical/Electronic S_stems Tests

This paragraph is divided into thirteen subparagraphs for presentation. Each

subparagraph concentrates on one area of interest, and is further subdivided, as

necessary to detail all checkouts run on each eiectrical/electronJc system. The

major subparagraphs are:

a. Power distribution tests - paragraph 4.1.4.1.

b. Digital data acquisition system tests - paragraph 4.1.3.2.

c. Level sensor and control unit calibration - paragraph 4.1.3.3.

d. Signal conditioning setup - paragraph 4.1.3.4.

e. Compatibility checks - paragraph 4.1.3.5.

f. Propellant utilization system tests - paragraph 4.1.3.6.

g. Telemetry system tests - paragraph 4.1.3.7.

h. Range safety system tests - paragragh 4.1.3.8.

i. Telemetry and range safety antenna system checkou_ - paragraph 4.1.3.9.

j. Single sideband system tests - paragraph 4.1.3.10.

k. Cryogenic temperature sensor verification - paragraph 4.1.3.11.

i. Exploding bridgewire system automatic checkout - paragraph 4.].3.12.

m. Auxiliary propulsion system automatic checkout - paragraph 4.1.3.13.
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4.1.3.1 Power Distribution Tests

Three tests were run to check out the prefiring functioning of the power distri-

bution system. They were:

a. Power distribution system automatic checkout.

b. St'_ge power setup.

c. St a_e power Zurnoff.

4.1.3.1.1 Power Distributio_ S2stem (IB55815 NC)

Test Explanat ion

Th_s checkout procedure provided the automatic and manual test sequences required

to verify the functional capability of the forward and aft power distribution

system. The procedure verified that static loads on the power buses were not

excessive, and the proper operation of the power switching circuits.

Test Review

This test, performed on 12 April 1966 and accepted on 18. April 1966, verified

the functional capability of the power distribution system to supply power to

the stage.

The static loads on the power buses were not excessive, _-nd the power switching

circuits were w_rified for porper operation.

Sixteen revisions w_re written against this procedure: Eight revisions corrected

dict_Lonary and program errors; four accepted out-of-tolerance voltage measure-

ments as a result of insufficient delay times for computer response; two accepted

results where components were not installed; and one revision deleted steps not

appl_cable when simulators were installed.

There were no discrepancies on record.

4.1.3.1.2 Sta@e Power Setu_9 (IB55813 NC)

Test Explanation

The purpose of this proced_mre was to verify the operational capability of the

automatic checkout system to control and activate the stage electrical power

distribution system. The test er,sured that exc___ssive static loads were not

applied to the forward and aft power distribution system during the initial setup;

controlled power switching to and within the stage.
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i: t, ;:', 7..:t',_r-.._don 30 M_re:h 1966 and accepted oll 6 April 3.966, verified the

:, ._-:,.:..-}f t!._ power distribution system to supply electric_l power to the

-..-:._,,:..,,,<b,=...... svstdm:; under controlled _ower _._witching, al]d that the initial

:-_::.ic io[_ds oi% the forw._,rd _nd aft power distribution systems were not exces-

s i/e.

Ni','_" revisions were written a6ainst this r, rocedure: Three revisions pertained

...._ =,ro0:r__-,error, e_, oper_uor error, and. a normal safety item monitor inter-

r_x.t ......_ing frs.: "_Len L.7< _r.i LH 2 :rev_'-;es == tc ";= "---:-_-" s, ame =.... _-ic_

::::.dtwo revisions pertained %o the aft 5 _,_C excitation module frequency _.ud

voltage. P/N IA77310--503> S/N 0067, was removed and replaced with P/N !A77310-

503, S/N 0074, per FARR A179156.

4.1.3.1.3 Sta_e Power Turnoff (IB55814 NC)

Test Exolanat ion

The purpo._{e of this checkout procedure was to provide the automatic and manual

test sequences required to secure (shut down) the stage power distribution sys-

tem after completion of the various stage system checkouts which utilized power

:from the power distribution system.

Test Review

This test, performed on 30 March 1966 anl accepted on 6 April 1966, verified the

operational capability of the stage power turnoff procedure (test sequence) to

deactivate the stage power distribution system to a pretest or standby condition.

One revision was written to this procedure pertaining to not resetting the

safety item monitor prior to turnoff. The interrupt resulted from open LOX and

LH 2 prevalves due to the lack of stage pneumatics.

There were no discrepancies on record.

4.1.3.2 Digital Data AcQuisition System Tests

Three tests were run to verify the calibration and prefiring operation of the

digital data acquisition system. These tests were:

a. Digital data acquisition system calibration, manual operations.
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4.].3.2 (Cont_nued)

b. Digital data acquisition system calibration.

c. Digital data acquisition system, _utomatic checkout.

4.1.3.2.1 Digital Data Acquisition Systei_ Ca librs_ion_ Manual Operation (IB_4475 A)

Test Exo] anation

The purpose of thic chechout procedure was to pro_i_e suppie_entary manual in-

structions required to verify the calibration of the pulse control modulated

(PCM) data system durimg automatic checkout. This procedure was utilized in.

conjunction with H&CO iB55816, automatic DDAS checkout.

Test Review

This test, performed and accepted between i and 6 April 1966, verified the PCM

data system operation and calibration. For this test the PCM data system con-

sisted of the multiplexers, the PCM/DDAS assembly, and the 600KC VCO coax link-

age _o the GSE automatic checkout system.

One revision was written to this procedure pertaining to interchangeable test

cables which were identical in design.

There were no failures on record against this test.

4.1.3.2.2 Digital Data Acquisition S_stem Calibration (IB55816 NC)

Test Explanation

The purpose of this checkout procedure was to function the digital data acquisi-

tion system under prescribed design parameters, and to monitor the performance

of the system components. Included in the functional verification were the

Model 270 multiplexers, digital data acquisition assembly, digital data acquisi-

tion system ground station, and data channel input impedance.

Test Review

This test, conducted on I April 1966 and accepted on 6 April 1966, verified the

operational capability and design integrity of the digital data acquisition

assembly. Signal levels (0, 1.25, 2.50, 3.75, and 5.00 VDC)were manually applied

to the Model 270 multiplexers, and the output transmitted through the system by

closed-loop to the ground support equipment digital data acquisition system for

monitoring and verification.
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Eleven revisions were written to this procedure: Six corrected program errors

or problems; four pertained to the repeat of individual multiplexer tests as a

result of a slight variation in the d_rect current power supply, which generated

noise spikes (the repeat tests were within tolerance parameters); and on= revi-

sion cleared zhe initial conditions scan malfunctions resul_img from missing hard-

ware as not required for digital data acquisition system calibration.

No discrepancies are on record against this procedure.

4.1.3.'2.3 D_i_ital Data Acquisition System (IB55817 NC)

Test Explanation

The purpose of this digital data acquisition system test was to provide an opera-

tiona! status verification of all data channels on the stage. The verification

included the proper operation of all signal conditioning units and associated

amplifiers, cow,hand ca!_bration channel decoders, multiplexers, digital data

acquisition assembly, and the central command calibration decoder assembly.

Test Review

This test, performed on 6 May 1966 and accepted on ii May 1966, verified the

operation of the stage digital data acquisition system. All channels possessing

signal insertion capability were compared individually, tc their respective toler-

ance limits, through the remote amtomatic checkout system, and the chm:r_els with-

out the automatic capability were verified by comparing the end item output at

mnbient conditions to their respective tolerance limits.

A total of thirty-five revisiens were written to this procedure: Twenty-one

corrected program errors; six covered ch_nel checks verified as accomplished by

other procedures_ three revisions pertained to out-of-tolerance measurements sub-

sequenbly rerun and accepted; three deleted channel checks not required for pre-

fire checkout; and _wo accepted open channel conditions resulting frcm discon-

nected component parts during the test.

There were no discrepancies on record.

4.1.3.3 Level Sensor and Control Unit Calibration IB44473 _{C)

Test Explanation

The purpose of this procedure was to adjust the point level sensor control units

to a level wcll within the limits of capacitance change created by a simulated

remote auto,marie checkout system co_:_and. The point level sensor units consisted
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of the liquid level and liquid gas differentiator sensor systems, the LOX and LH2

point level systems, the LOX and LH 2 tank overfill, and the LOX and LH 2 fast fill

sensor systems.

Test Review (Run i)

This level sensor and control unit test, initiated on 30 March 1966 and accepted

on 7 April 1966, verified that the calibration adjustments for the operating

points of the control units (in conjunction with the level sensors) were within

the design parameters to determine the liquid levels in the stage tanks with

accuracy.

Three revisions were written to this procedure: One revision accepted an out-of-

tolerance voltage measurement resulting from a malfunctioning aft 5 VDC excita-

tion module, and two revisions pertained to the rerun of the liquid level and

liquid gas differentiator sensor calibration, forward and aft. The above men-

tioned 5 VDC module was replaced per FARR A179156.

Test Review (Run 2)

This test, performed and accepted between 25 April 1966 and i0 May 1966, was

rerun to recalibrate the control units for the fuel tank control point level

sensor number one and the fuel tank overfill which were interchanged following

the initial calibration.

Three revisions were written against this run: One revision provided instructions

for the equipment setup for the recalibration procedure; one pertained to the

recalibration requirement following the interchange of the control units, P/N

IA687i0-503, for the fuel tank point level sensor number one and the overfill;

and one deleted the requirement for calibrating the fuel tank fastfill control

unit. (This unit was not available and will not be installed for static firing.)

4.1.3.4 Si__r_al Conditionin_.Setu_ (IB44474 NC)

Test Explanation

The purpose of this manual checkout procedure was to calibrate any stage signal

conditioning equipment determined to be out-of-tolerance during the running of

H&C0 IB55817, or after component replacement.
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Test Review

This test, initiated on 20 April 1966 and accepted on 22 April 1966, calibrated

the stage signal conditioning equipment that was utilized to convert the moni-

tored function signal to an input compatible to the telemetry system. (0 to 5 VDC)

Seven revisions were written against this procedure: Three pertained to the

manual channels not checked in H&C0 IB55817, because of transducer shortages or

hardwire disconnects; three revisions provided the directions to readjust the

low gain DC amplifiers, P/N IA74053-501, for the single sideband F_ transmitter

output and volt fuel boreoff bias voltage, and forward and aft 5 VDC excitation

modules, P/N IA77310-503, S/N's 00054 and 00074 respectively; and one revision

deleted the operational requirements on the transmitter switch assembly, linear

displacement transducers, and telemetry calibrator as accomplished during H&C0

IB55817.

FARR A188084 removed and replaced channel decoder P/N IA74053-501, S/N 046.

FARR A188145 indicated that a low gain DC amplifier, P/N IA94910-505, S/N 00231,

drifted excessively after twenty-four hours.

4.1.3.5 Compatibility Checks

The two tests designed to verify the prefiring condition of the stage electrical

wiring were:

a. APS module interface compatibility check.

b. Umbilical interface compatibility check.

4.1.3.5.1 Interface CompatibilitY, Auxiliary Propulsion System and Stage

(IBL9558 NC)

Test Explanation

This checkout procedure specified the continuity/compatibility tests to be per-

formed after the installation of the auxiliary propulsion system (APS) simulators,

Model DSV-4B-188C, P/N IA56772-I, on the stage. The tests to be conducted in-

cluded:

a. APS engine/stage compatibility check by measuring the resistance be-

tween the stage control relay package connections and the APS engine

valves. This involved forty-eight separate resistance measurements.
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b. APS control system compatibility check by measuring the resistance

between the aft skirt connections and the components inside the APS

units. There were twenty-two separate resistance measurements.

NOTE: The auxiliary propulsion system checkout, }{&CO IB55825 NC, was

required prior to any electrical hook-up (ref: paragraph 4.1.3.11).

T__.__tR____evi______w

This checkout procedure, conducted and accepted between 13 and 26 April 1966,

verified the continuity/compatibility relationship at the interface of the stage

and the APS modules, through the use of the APS simulators, Model DSV-4B-188C.

One revision was written to this procedure, providing instructions and wiring

diagrams for proper connection of the APS simulators to the stage.

There were no discrepancies on record.

4.1.3:5.2 Umbilical Interface Compatibility Check (IB64318 NC)

Test Explanation

This procedure provided the necessary test point-cable designations, umbilical

pin of applicable cable assembly plugs, sequence numbers to identify control

drawings, functions of each circuit, test point connections of the signal distri-

bution unit number 463, and resistance measurements values and parameters required

to verify the integrity of the stage umbilical wiring.

Test Review

This test, conducted and accepted between 26 and 31 March 1966, verified the

integrity of the stage umbilical wiring, and assured that proper loads were pre-

sent for power input without damage to the stage.

Twenty revisions were written to this procedure: Sixteen revisions corrected

errors in the program or the procedure, and four accepted resistance measurements

accomplished with components not installed.

There were no discrepancies on record.

4.1.3.6 Propellant Utilization System Tests

The checkout procedures conducted to ensure proper operation of the propellant

utilization system were:

a. Propellant utilization system calibration.

b. Propellant utilization system automatic checkout.
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4.1.3.6.1 Propellant Utilization System Calibration (IB44476 A)

Test Explanation

The purpose of this manual checkout procedure was to verify that the propellant

utilization system calibration was within the design parameters established, to

ensure the proper depletion ratio for the LOX and LH 2 during powered flight.

Te_t Review

This calibration procedure, conducted and accepted on 7 April 1966, verified the

propellant utilization system by the following sequence of tests:

a. Static inverter-converter output voltage verification.

b. LH 2 and LOX bridge empty and full calibration.

c. LH 2 and LOX bridge position data acquisition.

d. LH 2 and L0X bridge slew checks (1/3 and 2/3 slew).

e. Ratiometer calibration.

f. LH 2 and LOX bridge linearity checks.

g. Hardwire loading circuits verification.

Four revisions were written to this procedure: One revision provided the in-tank

temperature, relative h_nidity, composition, and pressure conditions before and

during the calibration operation; the second revision established the require-

ment to perform the L0X and LH 2 propellant utilization sensor megger checks prior

to conducting the environmental checks; the third revision required recalibration

of the propellant utilization electronic assembly per revised calibration data;

and the fourth revision accepted out-of-tolerance voltage measurements on the

inverter-converter assembly.

There were no discrepancies on record.

4.1.3.6.2 Propellant Utilization System Automatic Checkout (IB55823 NC)

Test Explanation

The purpose of this automatic checkout procedure was threefold, verifying the

following:

a. System power requirements were satisfied and the operating temperature

of the propellant utilization system assemblies were within tolerance.

b. Propellant utilization system checkout from the LOX and LH 2 mass sensor

probes to the summing network (including the proper operation of the

loading potentiometers, rebalance potentiometers, and the fast fill

and overfill sensors).

45



Douglas Report S_I-53184

4.1.3.6.2 (Continued)

c. Propellant utilization systez, c]_eckout fsom the shapiug rJetwork, through

the valve positioner, and from the servo bridge through the valve

positioner. Included as a part of this test were the wiring checkouts

for _h-o L.OX and LH 2 mass sensor probe._ and the propellant utilization

system, anS the co._naad circuits through the switch select.or and

sequencer, which were required to accomplish this checkout.

T_=st Review

This checkout, initiated on 12 April 1966 a_d accepted on 5 Ma_ 1966, verified

the automatic mode of opera_ion which the propellant u cil_zat'on system dete_Talned

and con_rolle_ the engine propellan_ flow m:ixture ratio to ensure simultaneous

propellant deplet ion.

Five revisions were written against this procedure: Four revisions corrected

progr_n errors, and one pertained to the procedural steps accomplished by other

closely related procedures.

There were no discrepancies on record.

4.1.3.7 Telemetry System Tests

_o prefiring tests were coaducted to check out the telemetry system. These were:

a. Telemetry system manual checkout.

b. Telemetry system automatic checkout.

4.1.3.7.1 Telemetr.y___stem Manual Operations (IB44478 NC)

Test Explanation

This procedure provided the instructior_s to perform the manual operati(ns required

during dyns_ics testing of the telemetry system in cor_j_u_ction with automatic

H&C0 IB55820.

Test Review

This manual test, utilized to perform portions of the telemetry system evalua-

tion was initiated on 16 April 1966 and accepted on 19 Hay 1966. It verified the

stage sub-carrier oscillator adjustments, channel assigr_nents, sub-carrier oscil-

lator pre-emphasis, transmitter adjustments, flight tape recorder, and program

plugs.

Four revisions were written to this procedure: One deleted the portions of this

procedure that were not required; one provided instructions to check the frequency
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of pulses for particular channels during channel verification; one rcvJsion

pertained to repeating "_he checkout of the airborne tape recorder after replace-

ment; and the last revision accepted the control cirouitry checkout for the tape

recorder.

4.1.3.7.2 Telemetry System (IB55820 NC)

Test Explanation

The purpose of this automatic test was to provide the test sequences required to

fun".tion the telemetry systems in the flight mode. The telemetry systems received,

measured, and transmitted flight instrumentation data (acceleration, force,

motion, pressure, strain, temperature, vibration, and time-event functions) to

ground station receivers.

Test Review

This checkouz, conducted on 15 April 1966 and accepted on 6 May 1966 verified

the P_%M/FM/FM system design integrity and operational capability. The telemetry

system calibration was automated with the exception of the manual portions which

could not be implemented. The following items were verified.

a. Sub-carrier oscillator band adjustment and the associated pre-emphasis
schedule.

b. Telemetry calibration performance.

c. Aiigr_aent of measurements with the correct telemetry channels and purse

modulation multiplexers.

d. Correct operation of the PAM data train.

e. Antenna syst_ms, including the transmitter power outputs, voltage

standing wave ratio of the open and closed loops, and insertion losses.

f. _4/FM transmitter center frequency (three separate units).

g. Flight tape recorder operation and degradation of data (inc].udes the

by-pass, fast record, slow record, and playback modss).

h. PrOgram plugs for each sub-carrier oscillator mounting assembly.

Twelve revisions were written to this procedure: Fight revisions corrected pro-

gram errors; and one each revision provided instructions to supply commands for

remote automatic checkout system verification of _,{/FM transmitter number two,

changed toier__nces on &mb[ent measurements to be compatible with actual conditions
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as verified by the digital data acqu_sftion system, increased the delay time

between successive remote automatic checkout sy_-'temco,remands,and the acceptance

of a frequency measurementas being witlJin the specification on natura! Lending

measurementa.mp]ifiers.

There w_r_ nQ d_sQre_a_._s on r_cord.

4.1.3.8 RangeSafety System Tests

Three tests were run to check out the r-_-nge safety system prior to static accep-

tar_ce fi.ri;:g. The tests were:

a. Range safety receiver, maL_uai checkout.

b. Range safety receiver, automatic checkout.

c. Range safety system,, automatic checkout.

4.1.3.8.1 Range Safety Receiver Manual Operations (iB_h477 NC)

Test Ex21anation

The purpose of this manual checkout procedure was to aid in the determination

of the flight readirless of the range safety receiver system, and to prow[de [.he

instructions for test equipment setup and manual operations to be performed in

conjunction with the range safety receiver check, H&C0 IB55819.

Test Review

This test, conducted and accepted between 18 April 1966 and 5 May 1966, verified

the capability of the range safety receivers to receive ground initiated commands

for J-2 engine cutoff, and propellant dispersion, and to secure the range safety

system while in flight.

Five revisions were written against this procedure: Two corrected typing errors

in the procedure; one provided instructions to turn on the 150 KC switch to set

up the 60 KC deviation; and two revisions pertained to instructions to setup e_id

recheck the range safety receiver 2 automatic gain control 2% zepeatability.

The initi_l check of range safety receiver 2 indicated repeatability in excess

of the 2% toleraace; however, subsequent investigation determined the cause for

non-repeatability was in the automatic program, IB55819, measuring on high leveL

signal strength and not low level signed strength. A rerun of this portion of

the test indicated repeatability within the 2_ tolerance.
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h.i.3.8.2 Range Safety Receiver Chec<s (IB55819 NC)

Test Explanation

_ns purpose of this chec]<out procedure was to check the range safety receivers

for autom_.tic gain control calibration and drift, minimmm acceptable deviation

sensitivity, _.r,dminimum acceptable radio frequency sensitivity.

Test Review

This test, perf'orme_ on 19 April 1966 and accepted on 6 May 1966, verified the

design integrity and operational capability of the flight termination system to

_nitiate emergency fuel dispersion on co_,_and. Components included in the flight

termination system were the antenna system, radio frequency system, con_mand

receivers, destruct system controllers, exploding bridgewire firing units and

detonator, and a cow,non safe and arm device that connected the system to the

explosive harness.

Three revisions were written to this procedure: One accepted the initial condi-

tions scan for m_ifumctions as pertaining to items not required to accomplish the

range safety receiver checks; and two pertained to the range safety receiver 2

automatic gain control repeatability and the subseq-_ent reran to verify repeata-

bility.

4.].3.8.3 _an_e Safety System (IB5582i A)

Test Exnlanat ion

The purpose of tb_s checkout procedure was to provide _he automatic and manual

test sequences to function the range safety system under prescribed design par_:_.-

meters, and to monitor the performance of each item under test. Physically the

range safety system consisted of two antennas, a power divider, two voltage regu-

lators, two controllers, t_o exploding bridgewire firing units, one safe and a_m

device, and two exploding bridgewire detonators.

Test Review

This t_o+_o_,conducted and accepted between 6 and i0 ._4ay!966, verified the design

integrity and operational capability of the range safety system as a means of

flight termination ar:d propelian% dispersion. The test sequences included:

a. Exploding bridgewire and receiver external/internal }ower transfer.

b. Engine cutoff.
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C.

d.

e.

f.

g.

(Continued)

Pulse sensor and propellant dispersioi, co.._v_andinhibit.

In-flight turn-off co_mJand.

Arm and engine cutoff cor,m_and.

Propellant dispersion command.

Safe and ann device.

Twelve revisions were written against this procedure: Ten corrected program

errors; one provided instructions to install the proper cables %o the sequencer,

tc enable the range safety equipment and facility checkout, and to remove the

csbles after the range safety test was comp±eted; and one verified the test set

setup and op:ration.

There were no discrepancies on record.

L.I.3.9 Telemetrj_ _.d Range Safet,y Antenna S_stem Check (IB44472 _C)

Test Explanation

The purpose of this checkout procedure was to provide" the sequence of tests to

verify the opera-oional integrity of the telemetry and range safety antenna (RF)

systems. The test sequence included:

a. System insertion loss measurements for the cable networks of the various

channels, u_iiizing _he respective input frequemcies.

b. Volzage standing wave ratio (VS_]() measur,-_ments of the antenna trans-
missions lines.

c. Range safety RF system checks (continuity, insulation resistance, and
directivity).

d. Telemetry RF power detector calibrations (orbit, flight, and SSB trans-

mitter power detectors, and antenna forward and reflected power mea-
surement calibrations).

e. Transmission line phasing.

Test Review

This test, performed and accepted between 5 and 18 April 1966, verified the tele-

metry RF power detector calibrations for the orbital, flight, and single sideband

transmitters; and the antenna forward and reflected power measurem< :or antenna

systems i, 2, 3, and 4.

Two revisions were written to this procedure. The first revision deleted the

requirements to perform the systems insertion loss measurements, VSWR measure-

ments, range safety RF system checks, and the transmission line phasing, as
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these tests were performed and accepted per the T/M and RS antenna system li&C0

!B44545 at SSC; and the second revision corrected the data documentation sheets

to eliminate transmitter data no longer required.

Five FAI_R's were written during this procedure. FARR's A188032, A188040, A188043,

and A188044 dealt with power converters, P/_ IA74776-503, S/I_'s 2-0217, 2-0182,

2-0140 respectively. All power detector problems involved output voltages which

could not be adjusted to H&C0 requirements. The detectors were retested and

accepted after rework. FARR Ai88083 noted a low coupling coefficient for re-

flected power from coupler, P/2; IA69214-503, S/N 0011. The coupler was replaced.

4.1.3.10 Sin@le Sideband System Tests

There were two tests run to verify the functional capability of" the single side-

band system. These were:

a. Single sideband system manual setup.

b. _±ngl_ sidcband system, automatic checkout.

4.1.3.10.1 Single Sideband System Manual Operations (IB58685 NC)

Test Exolanation

This checkout procedure provided the manual test sequences required to function

the single sideband/FM system as a prerequisite to accomplish H&CO IB55818; and

provided detailed coverage for energizing the necessary test equipment to estab-

lish the ground support status. The airborne equipment under test consisted of

transducers, signal conditioners, multiplexer, single sideband translator, com-

posite signal amplifiers, FM transmitter and associated amplifier, and RF switch-

ing equipment.

Test Review

This test, initiated on 21 April 1966 and accepted on 14 May 1966, verified the

design integrity and operational capability of the single sideband airborne equip-

ment, to detect and process the vibrational and acoustical data. The processed

data, in the form of a multiplexed, fixed amplitude signal, contained fifteen

channels of data from 50 to 3000 cycles at the amplitude level representative of

the G-force at which the frequency originally occurred. The tests conducted

included:
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a. Pilot tone frequency and _aplitude test.

b. Channel amplitude and alignment.

c. Marker channel test.

d. Pre-flight sweep calibration test.

e. Single sideband/FM channelization test.

f. In flight calibration.

g. Single sideband/FM transmitter deviation and information test.

Twenty revisions were written against this procedure: Nine corrected program

errors and omissions; five accepted out-of-tolerance roll-off characteristics

between 50 and 3000 cps that were not attributed to the airborne equipment; three

revisions provided instructions for the setup and manual checkout of the stage

single sideband/FM system; and three revisions covered an open channel for which

there was no data requirement, a channel designated as not required for static

firing data, and the deletion of steps previously accomplished.

There were no discrepancies on record.

4.1.3.10.2 Single Sideband System (IB55818 NC)

Test Explanation

The purpose of this checkout procedure was to provide the test sequences to func-

tion the single sideband system under prescribed parameters, and to monitor the

performance of each item under test.

a.

b.

c.

d.

e.

f.

g.

The test sequences included:

Power distribution.

Sequencer co_ands.

Remote automatic calibration assembly.

Marker channel verification.

Pre-flight sweep calibration.

SS/FM channel verification.

SS/FM transmitter check.

Test Review

This checkout procedure, conducted and accepted between 5 and i0 May 1966, veri-

fied the design integrity and operational capability of the single sideband sys-

tem. Each channel of single sideband transmitter was checked from the originating

transducer and signal conditioning unit, through the multiplexer unit, the trans-

lator unit, and finally at the output of the s_gle sideband transmitter. This
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included the stage interface connection, and the proper patching of each response

routed through a specific response (signal) conditioner channel.

Two revisions were written to this procedure to correct program errors.

There were no discrepancies on record.

4.1.3.11 Cryogenic Temperature Sensor Verification (IB44471 NC)

Test Explanation

The purpose of this manual checkout procedure was to test each cryogenic tempera-

ture transducer for which the normal operating range did not include room ambient

temperature. The transducers covered by this procedure consisted basically of

platinum resistance elements that changed resistance values according to the

Callendar-Van Dusen equation. These were used to measure sub-_bient tempera-

tures while exposed to air, liquid and gaseous helium, liquid hydrogen, and liquid

oxygen.

Test Review

This test, conducted and accepted between 23 and 30 March 1966, verified the

operation of each cryogenic temperature transducer, by recording the observed

resistance measurement at ambient temperature and comparing the value to the

appropriate parameter calibration curve.

One revision was written to this procedure that accepted out-of-tolerance resis-

tance measurements for transducers within the LH 2 tank which occurred because of

the tank temperature variations.

There were no discrepancies on record.

4.1.3.12 Explodin_ Brid_ewire System (IB55822 NC)

Test Exolanation

This procedure defined the manual setup and the automatic tasks required to verify

the capability of the exploding bridgewire system to initiate ullage rocket igni-

tion and jettison when so commanded in flight by the instr_nentation unit.

Test Review

This test, performed on 15 April 1966 and accepted on 19 April 1966, verified the

capability of the explodingbridgewire system _o initiate the ordnance functions
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of ullage rocket ignition and ullage rocket jettison.

included:

The general test sequence

a. Preliminary exploding bridgewire firing unit and pulse sensor test.

b. Exploding bridgewire firing unit ignition p_se sensor self test.

_. Ullage rocket exploding bridgewire firing unit test.

d. Ullage rocket jettison firing unit test.

Four revisions were written to this procedure: Two corrected program errors;

one inserted breakpoints in the procedure to permiz sufficient time to reset the

pulse sensors and the pulse sensor power; and one revision cleared the initial

scan condition malfunctions as the functions questioned were not utilized during

this checkout procedure.

No failures were noted during this test.

4.1.3.13 Auxiliary Propulsion System (IB55825 NC)

Test Exolanation

This checkout procedure provided the sequence of tests required to verify the

design integrity and operational capability of the auxiliary propulsion system

(APS) electrical system. Specific tests, utilizing the APS simulator, model

DSV-4B-188C, P/N 7 -±B5o722-i, in lieu of the flight modules, verified:

a. That bus power application and static loads not excessive.

b. That attitude control commands from the instrument unit (IU) controlled

the proper sets of quad-redundant solenoids.

c. Telemetry system measurements, APS associated, through observation of

each active stage parameter and each simulated transducer output.

Test Review

This automatic checkout procedure, initiated on 15 April 1966 and accepted on 2

May 1966, verified that a suitable electrical interface existed between the stage

and the APS modules as depicted by the test results utilizing the APS simulators.

Ten revisions were written to this procedure.

a. Four revisions accepted out-of-tolerance current measurements as the

program values did not allow for the line drop between the stage and
the simulated loads.
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b. Two revisions corrected initial condition scan errors.

c. Two revisions corrected program errors.

d. One revision provided instructions to verify the engine command ullage

circuitry operation.

e. One revision deleted the requirement for the digital events recorder

tape verification. (The DER was not channel verified as of 15 April

1966 and the tape not available during this test.)

There were no discrepancies on record against this procedure.

4.1.4 Insoection; Structural (IB40653 NC)

Test Explanation

The purpose of this test procedure was to verify that transportation and handling

had no detrimental effect on the "stage structure, and to establish the stage

pre-fire condition for comparison to the post-fire condition.

Test Review

This test, initiated on 31 March 1966 and accepted on 29 April 1966, verified the

pre-fire structural integrity of the stage. Receiving inspection of the electri-

cal, propulsion, and structural components was performed per QEC 339, and the

externally bonded supports on the stage tanks inspected per QEC 328, 330, 340,

and 341. Alignment of the auxiliary propulsion system (APS) support structure,

P/N 11939246, was checked by the installation of an APS module at positions I and

III on the stage.

The revisions to this procedure included:

a. Deletion of the LOX and LH 2 tank in<,ernal inspection requirements,

unless work to be accomplished necessitated entry into either tank.

b. Deleted the installation of the thrust structure door as it was accom-

plished on another h_udling and checkout procedure.

e. Performed a radiographic inspection of the forward crotch area, aft

skirt, to determine existence of foreign material.

FARR A188130, concerning the above foreign material, noted that the condition

was acceptable to Engineering for use.

4.1.5 Common Bulkhead: Vacuum System (IB49286 D)

Test Explanation

The purpose of this checkout procedure was to provide instructions for setting
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up and testing the commonbulkhead vacuumsystem prior to static acceptance
firing. The sequenceof operations included the test stand (Beta i) vacuumsys-

tem setup and checkout, and the co_._onbulkhead 96-hour pumpdown,decay check,

argon purge, and the leak check with the LOXand LH2 tanks pressurized.

Test Review

This checkout procedure, indtiated on 29 March 1966 and accepted on 5 May 1966,

verified the design integrity of the cor_mon bulkhead assembly.

Three revisions were written against this procedure: One revision corrected a

typographical error, one deleted a step not necessary for this checkout, and one

revision re-initiated the checkout procedure after reconnecting lines which had

been capped per the procedure.

There were no discrepancies on record.

4.1.6 Thermo-Conditionin_ and Environmental System Tests

Three checkout procedures were run to verify the operation of the forward skirt

thermo-conditioning system, prior to static firing. The tests were:

a. Forward skirt thermo-conditioning system, checkout and operating pro-

cedure.

b. Aft skirt and interstage purge.

c. Forward and aft skirt purge and checkout.

4.1.6.1 Checkout and Operatin_ Procedure_ Thermo-Conditionin_ System_ Forward

Skirt (IB41955 NC)

Test Explanation

This checkout procedure provided the handling and equipment setup instructions to

connect the thermo-conditioning system servicer, P/N IA78829-I, to the forward

skirt thermo-conditioning system (TCS); and instructions to perform a TCS leak

check, remote operation test, water/methanol cleanliness and specific gravity

checks, and a TCS differential pressure test.

Test Review

This test, initiated on 26 March 1966 and accepted on 2 May 1966, verified that

the TCS provided a thermally conditioned heat transfer fluid (water/methanol),

as required, to the electrical/electronic equipment mounting panels, through the

appropriate machined passages in the panel face plates.
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The revisions to this procedure included: Replacemen_ of the hose assemblies,

P/N's IB38536-I, and -501, with tube assemblies, P/N's IB70615-I and IB70616-I;

replacement of the gaseous nitrogen hose assembly, P/_ IB37783-I, with hose assem-

bly, P/N IA77023-501; and instructions to repair the filter assemblies, P/N

_B2_Q_5-_ per maintenance _ro_re _B_7949 ':G'_.

Although no FA_RR was generated, some difficulty was encountered with the water/

methanol cleanliness test. Five fluid samples were tested and the results were

unsatisfactory (ref: l_ooratory report _R660645, dater 3-26-66). The filter

assemblies P/N IB26965-I, S/N's 039 and 001, were removed to inspect the filter

elements, P/E MCS i001 USAS.

The Engineering comments indicated the filter elements were not sufficiently con-

taminated to increase the internal pressure beyond the yield point of the differ-

ential pressure buttons, and the elements were not securely mounted, permitting

fluid by-pass and a minimum filtering effort. Replacement of the filter elements

sm.d proper installation within the filter assemblies rectified the contaminated

condition.

4.1.6.2 Aft Skirt and Interstate Thermo-Conditionin_ and Purge System (IB40569 NC)

Test Exo!anation

The purpose of this test was to perform an operational checkout of the open areas

through the main manifold, the position I auxiliary propulsion system simulation

module, and the thrust structure ventilation ducting, to determine the aft skirt

and interstage thermo-conditioning system airflow characteristics w_th respect

to the operational pressure.

Test Review

This test, performed and accepted between 13 and 30 April 1966, verified the

capability of the environmental control system to provide ambient or temperature

controlled air through the aft skirt thermo-conditioning system, and a gaseous

nitrogen purge within the aft skirt and interstage to prevent fo_ation of explo-

sive mixtures of LOX and LH 2.

Two revisions were written to this procedure: One added the APS simulator,

IB70970-I, for use on the stage; and another provided instructions to install the

APS simulator in i_u_Ition I in lieu of Position lli.
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4.1.6.3 Environmental Control System 2 Forward and Aft Skirt Pur_e (IB43749 NC)

Test Explanation

The purpose of this procedure was to verify the operational capability of the

enviro1_mental control system, P/N 1A77551-i, to transport conditioned nitrogen

and/or air to the forward and aft skirt areas in such a manner that acceptable

l_v_is (percentages) of oxyEen were maintained during the purge operation.

Test Review

This test, conducted and accepted on 30 April 1966, verified the operation of

the environmental control system during the purging operations. The tests

irJcluded:

a.

b.

Forward skirt purge system visual inspection to ensure proper connec-

tion of all electrical cables and hoses; pressure check to ensure

delivery of the prescribed flow of gaseous nitrogen; heater performance

and controller operation; and a pressure check of the second_'y gaseous

nitrogen system.

Aft skirt purge system visual inspect_on of all electrical cables,

hoses, manual dampers, and duct covers; blower operation for prescribed

air flow; leak check to ensure a prescribed flow rate of air or gas-

eous nitrogen; and the heater performance and controller operation.

There were no revisions or discrepancies written against this procedure.

4.1.7 Hydraulic System Tests

The hydraulic system checkout consisted of the following two procedures:

4.1.7.1

a. Hydraulic system setup and operation.

b. Hydraulic system automatic checkout.

Setup and Operation, Hydraulic System (iB41005 NC)

Test Explanation

This procedure provided the instructions necessary to prepare the stage hy_-aulic

system for initial operation, and to maintain the system readiness throughout the

pre-fire checkout period.

Test Review

This test, initiated on 14 April 1966 and accepted on 19 May 1966, verified the

pre-fire operational setup of the hydraulic system installation, P/N IA39589.

The hydraulic system consisted of two p_mmps (one driven by an electric motor and

the other driven by the J-2 engine oxidizer p_.p turbine), pitch and yaw
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actuators, and an accumulato_0/reservoir assembly, including the system relief

valves. The purpose of the hydraulic system which was to position the J-2 engine

during flight, in response to el_.,ctrical steering con_na_ids, was verified to the

extent of ground testing capabilities.

The operational checkout procedures included:

a. Verification that all hydraulic system components were securely in-

stalled and all connections properly torqued.

b. Actuator center check.

e. Engine deflection clearance check.

d. System refill instructions.

e. Instrumentation support verified stage hydraulic system data (pressures,
positions, and levels) t.ransmission I,o the test control center hard-

ware.

f. Shutdown activities,

g. Air bottle decay check.

h. Instrumentation setup for the automatic checkout procedure.

i. Simulated static firing support.

Eleve_ revisions were written to this procedure: Three pertained to disconnecting

hardware cables from stage transducers to trouble-shoot the transducers for

reservoir oil level _md pressure, and system pressure; three p_.rtained to the

verification of engine side loads after restrainer adjustment, and actuator posi-

tion values; three revisions provided instructions to recharge the accumulator/

reservoir with gaseous nitrogen, to record gauge pressure on the stage air bottle,

and to manually move the J-2 through a square gimbal pattern prior to performing

H&CO 1B55831; one revision deleted a serialization requirement as not required;.

and one revision provided instructions to remove transducer, P/N 1B31356-503,

S/N 208-1, and install P/N 1B31356-503, S/N 245-2. (S/N 208-1 was reading approxi-

mately 250 psi below actual).

4.1.7.2 Hydraulic System Automatic Checkout (IB55824 EC)

Test F_xplanat ion

The purpose of this test was to provide the automatic and manual test sequences

required to verify the integrity of the hydraulic system, and to ensure system
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operation within specifications. The tests conducted included:

a. Ambient temperature checks.

b. Accumulator precharge test.

c. Reservoir oil level and pressure check.

d. Mid-stroke lock measurements of the actuator piston position potentio-
meter voltages.

e. Coast mode thermal switch check.

f. System supply and accumulator gaseous nitrogen pressure checks.

g. Reservoir oil level and pressure check.

h. Polarity and linearity checks.

i. Servo actuator frequency response test.

j. Engine centering check.

Test Review

This automatic hydraulic system checkout, commenced on 23 April 1966 and accepted

on 5 May 1966, verified the design integrity and operational capability of the

stage hydraulic system within specification parameters.

Eight revisions were written to this procedure to correct the program errors

introduced during automatic checkout.

There were no discrepancies on record.

4.1.8 Integrated Systems (IB55831 NC)

Test Explanation

The purpose of this checkout procedure was to verify the functional readiness of

the stage and automatic cryogenic/pneumatic ground support equipment control

systems (utilized during propellant loading and acceptance firing) to proceed

with normal countdown operations and activities.

Test Review

This checkout, performed on 9 May 1966 and accepted on 14 May 1966, verified the

design integrity and operational capability of the stage and facility systems to
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function properly for propellant loading an_ static acceptance firing. All um-

bilical, switch selector, and pneumatic/loading ground support fu_Jctions were

exercised and the specific tests accomplished included:

a. _atrix relay reset and power turn-on.

b. Radi._ frequency systems ch_ck_ _nd turn-on.

c. _deasurem_entgroup function check._;,remote automatic checkout systems

function checks, a d digital data acquisition system channel tests.

d. Power transfer and electrical systems functional checks.

e. Environmental control system functional checks.

f. Hydraulic turn-on, link drop (manual), and gimbal test.

g. Pneumatic console setup and checkout.

h. Propellant loading valve sleds, water sled, deflector water, aspirator,

and gaseous hydrogen torch checks.

i. Stage valve f._nctional checks.

j. J-2 engine final sequence checks.

k. Re-establis_mlent of stage tanks and spheres blanket pressures.

A total of thirty-one revisions were written against this procedure: Twenty-one

corrected errors in the dictionary, program, and operation; three inserted pro-

grammed holds to perform system checks and necessary corrections; three revisions

increased time deley factors to ensure receipt of complete data response; and the

remaining four revisions covered the deletion of procedural steps not accomplished

as a result of component remowtl, accepth_ce of a safety item monitor interrupt

as a result of prcgram planning, ac_ceptance of an out-of-tolerance pressure trans-

ducer measurement as not detrimental to the ch6ckout, and the performance of a

heliu_a purge on the gaseous hydrogen system to insure the proper supply of hydro-

gen for torch ignition.

The discrepancies against the subsystems included:

FARR N1nmber Part N_mber Discrepancy

A191911 ]A8_599-503 Bad accelerometer E93

A191912 iA68707-525 Bad accelerometer ElI9

P/N IA88599-503, was returned to the vendor for rework, and P/N IA68707-525 was

reworked, recalibrated, and replaced.

4.1.9 Static Acceptance Firins Countdown Procedures

This paragraph covers the static acceptance firing simulated countdown exercise,

6]
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s]_d the static acceptance firing countdown procedure which was conducted to

achieve an acceptable static firing. Also included are reviews of the critical

tasks accomplished as a part of the countdown procedure.

4.1.9.1 CougJ::do_ftljStaJiic Acceptance Firing, Simulated Exercise (i_6056i NC 1

Test Explanation

The purpose of the simulated countdown exercise was to demonstrate the overall

readiness of the stage systems, ground support equ:ipment (GSE), _Id facility

equipment to proceed wit.h the acceptance firing test program.

Test Review (Simulated Exercise)

This exercise, initiated on 16 May 1966 and completed on 17 May 1966, demonstrated

the capability of the combined systems (stage, CSE, and facilities) to function

in a state of readiness preparatory to propellant loading and acceptance firing.

After the countdown exercise was run, a cold flow test was conducted to check

the system for discrepancies. Leakage was noted in the thrust chamber quick

8 c _disconnect, P/N 1Ak995 -_3_, S/N 019. The disconnect was removed and replaced

prior to static firing.

test objectives, to the launch and fl_ght sequencing.

were contained:

4.1.9.2 Countdown, Static Acceptance Firin_ Run i (IB60567 NC)

Test Explanation

This countdown manual controlled and specified the activities _d tasks required

to conduct the static accept_ice firing for the stage. The firing sequence was

established to conform as closely as practica], within the STC capabilities and

The following major events

a. Automatic loading of LOX and LH 2 propellants. (LH 2 will be off loaded

to 95.5% prior to simulated liftoff)

b. Critical components cycling test.

c. Controlling the LOX tank ullage pressure prior to the first burn, to

ass_re acceptable augmented spark ignition (ASI) reusable probe condi-
tions.

d. Initiating a normal engine start sequence for the J-2 engfne first burn.

e. Operating the propellant utilization system closed loop with the fuel
boiloff bias active.
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f. Accomplishing an APSroll engine program ul,ilizing an APSsimulator
_,_da spare APSmodu.]e.

g. Initiating an automatic cutoff at 153 seconds after first burn st_t
command.

h. Ac'eomplishing a sim_iated orbit coast period.

i. A_tlvating the ,_._'S_llagc, e:Jgi_,e l_z_edia_.ly aft_' fi_t bur;_ c'._toff.

j. A_comp]ishJng a_ AF,_ pitch and yaw progr_ following first burn cutoff.

k. Initiating J-2 engine conditioning for restart.

1. Operating the PU system in a closed Loop mode.

m. Dropping the J-2 engine restrainer links and initiating an engine gim-

balling program.

n. Automatically initiating second burn cutoff after approximately 300

seconds. (1880 pounds LOX or 490 pounds LH2, 3% level)

o. Conducting ,._ APS pitc_ and yaw progr_n fol_owing cutoff.

The t_est obj_ctiw_s were categorized as research and development, and accepta_ice

firing. _he research and development objectives irJc.]ud_d:

a. Determination of stage thermodynamics during the firing program.

b. Determination of vibration and acoustic euviroznnent duri_g the firing

program.

The acceptance firing _bjectives incl]_ded:

a. Countdown contr¢_l and operational capability.

b. J-2 engine system perfo_aance.

c. Oxidizer and fuel systems perfo_._ance.

d. Pneu_atic control system performance.

e. Propellant utilization system perfo_nance.

f. Stage data acquisition systen_ perfo_,ance.

g. Stage electrical control and power system performance.

h. Hydraulic system _nd J-2 engine gimbal control.

i. Structural integrity.

j. Auxiliary propulsion system/stage interface compatibility.

Te._t Review (Runs IA and IB)

This countdown (number 614061) run IA was performed on 19 and 20 May 1966, and

achieved approximately 50 seconds of mainstage operation before a safe_y item

monitor interrupt signalled for engine cutoff as a result of an excessive L0X

tank cold helitun inlet temperature. S_,age securing was no_aal in preparation for
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recyc_Jng and suts,_uent reruns.

Run IB was initiated on 20 Hay after test stand inspecti,.n; hOWever,this attempt
was aborted as the result of exzernal lea_:agebetween the body and seat of the

cold helium crossover valve in conscie B which could not be readily corrected.

4....1 9.2.1 Integrated Systems Tcst_ Coun-:down Task 35 _unr__ I (IB55831 NC)

Te_t Explanation

The i:urpose of this checkout procedure, as Task 35 of" the Co_t.down 14_nual, was

to verify design integrity and operational capabi.]ity of zhe stage and la__lll_y

sys'_erm to function properly during propellant loading and acceptance firing.

Test Review (Run iA)

This test, conducted and accepted on 20 May 1966, verified the functional readi-

ness condition of the stage ar,d facility systems to proceed into the propellant

loading phase of operation and into the subseque_rt phases. The critical stage

systems were verified during the final preloading phase of the countdown.

A total of .... _"t_rty-_ight revisions were written against this procedure: Eighteen

corrected dictionary and program errors; eight covered the addition of procedural

steps to effect a more complete checkout; three revisions deleted procedural steps

no longer required for this checkout; and the remaining nine revisions cove_ed:

Verification that the stage receivers were tuned properly; an increase in the

aft bus 2 voi<ago measure _nt to compensate fo__ _n overcharged primary battery;

energizing the auxiliary hydraulic pump to produce an additional load on the aft

bus 2 to assist in depleting the overcharged primary battery; repeating a test

segment to re-verify the results obtained on the side load recorder; repeating

the SSB portion of a test segment to re-verify the SSB data; accepting a safety

item monitor interrupt resulting from the loss of prevalve indications when the

stage power was removed; acceptance of out-of-tolerance pressure checks as a

result of prepressurized transducers at test time; and instructions to verify the

individual gaseous hydrogen talkback functions to ensure a redundant network to

prevent a firing program interrupt in the event of a talkback malfunction.
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4.1.9.2.2 Automatic Propellant Loading - Tasks 41 and 42 Run i (IB55834 _C)

Test Explanation

This procedure provided the manual and automatic test sequences required to verify

the safe transfer of propellants and gases to the stage during countdown activi-

ties. This procedure was conducted as Tasks 41 and 42 of the Countdown Manual.

Test Review (Run IA)

This procedure, conducted and accepted on 20 May 1966, verified the safe trans-

fer of propellants (LH 2 and LOX) and gaseous helium to the flight stage in pre-

paration for the static acceptance firing.

a.

b.

c.

d.

e.

Included in the test sequences were:

LH 2 tank pretest purge.

LOX loading.

LII2 loading, cold helium bottle fill, and ambient helium bottle fill.

L0X and LH 2 tanks overfill sensor checks, and the flow check of all

cold gas circuits.

LOX and LH 2 umbilical purges.

There were no revisions and/or discrepancies on record against this checkout

procedure.

4.1.9.2.3 Acceptance Firin_ - Tasks 44 and 45 Run i (IB55835 NC)

Test Explanation

This procedure defined the sequence of tests required to verify the propulsion

and stage systems performance during the hot firing environment generated by the

J-2 engine under full thrust conditions. This procedure was conducted as Tasks

44 and 45 of the Countdown Manual.

Test Review (Run iA)

Run IA, conducted on 20 May 1966, verified the capability of the propulsion and

stage systems to initiate static firing, and to attain approximately 50 seconds

of main stage operation before cutoff. This test was terminated by a safety

item monitor interrupt, because the LOX tank helium inlet temperature was in

excess of design parameters.

Test Review (Run IB)

Run IB, conducted on 20 May 1966, was terminated prior to the engine start com-

mand as a result of malfunction indications from the engine control helium bottle
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fill. Subsequent investigation determined the Automatic Stage Servicing and

Checkout Pneumatic Console B, Model DSV-4B-320, P/N IA98161-I, developed a leak

in the cold helium portion. The cold helium environment produced sub-normal

operating conditions for the console; hence the test was terminated.

Three revisions were written to thiB procedure: One corrected a program error

associated with the cutoff routine; one covered the removal and replacement of an

ignition detection probe that exhibited intermittent operation; and one revision

accepted a no talkback condition at the LH 2 100% level 0ecause of an amplifier

was not installed.

4.1.9.3 Countdown, Static Acceptance Firin_ (IB60567) Run 2

Reference paragraph 4.1.9.2.

Test Review (Run 2A)

This countdown (number 614063) run 2A, conducted on 25 and 26 May 1966, achieved

the full duration two burn acceptance firing with no major difficulties encoun-

tered. The first burn acceptance firing was cut off at 150 seconds per the pre-

programmed sequence of events; the simulated orbit lasted 1.5 hours; and after

an automatic restart, the second burn acceptance firing attained 300 seconds burn

time before a normal engine cutoff terminated the firing. The stage securing was

conducted normally with detanking of the residual propellants and tank purging.

4.1.9.3.1 Integrated Systems Test_ Countdown - Task 35 Run 2 (IB55831)

Test Explanation

Reference paragraph 4.1.9.2.1.

Test Review (Run 2A)

This run, performed and accepted on 26 May 1966, verified the design integrity

and functional capability of the stage and facility systems to proceed with count-

down operations for propellant loading and acceptance firing.

Thirty-eight revisions were written against this procedure: Fourteen covered the

correction of errors in the program and/or dictionary, and a loose wiring problem

area; thirteen added procedural steps to cover halts and hold points not pro-

grammed, and provided instructions to ensure redundant capabilities for firing;

seven revisions pertained to program and tolerance changed designed to attain
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maximum test results and realistic program values_ and four revisions deleted

procedural steps and activities no longer required for program checkout.

The LH 2 repressurization control valve failed to close; hence, solenoid valve

L-2, P/N IB43660-507, was replaced and the leak check reverified.

4.1.9.3.2 Automatle Propellant Loadin_ - Tasks 41 and 42 Run 2 (i_55834)

Test Explanation

Reference paragraph 4.1.9.2.2.

Test Review (Run 2A)

_nis run, performed and accepted on 26 May 1966, verified the capability of the

facility and ground support equipment to safely transfer LOX and LH 2 to the

flight stage during the normal countdown sequences.

Five revisions were written to this procedure to correct errors in the program

and/or dictionary.

4.1.9.3.3 Acceptance Firin_ - Tasks 44 and 45 (IB55835) Run 2

Test Explanation

Reference paragraph 4.1.9.2.3.

Test Review (Run 2A)

This run, conducted and accepted on 26 May 1966, verified the propulsion and

integrated systems capabilities tO function in a hot firing environment generated

by the J-2 engine. This static firing demonstrated the automatic restart capa-

bility of the J-2 engine per the following sequence: Initial mainstage ignition

with a burn time of 153 seconds before termination by a programmed cutoff; simu-

lated coast period to check the _{2 continuous vent system; and the automatic

J-2 engine restart for an additional 300 seconds of mainstage burn time with a

normal cutoff by the LOX depletion s_nsors at the programmed percentage value.

Thirteen revisions were written to this procedure: Seven corrected errors in

the program or test request document; four deleted steps or portions of steps from

the automatic mode, as either accomplished manually performed by other opera-

tions, or not required; and two revisions pertained to increasing delay times

to attain the proper engine chill prior to firing.

There were no discrepancies on record.
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4.1.10 Test Preparationp Postfiring (IB70766 NC)

Test Explanation

This procedure provided the operational sequences required for the removal of

the stage propulsion system test installations utilized for checkout in the

VCL. Included in the operations were:

a. Vehicle ground lines removal.

_. Vehicle monitor panel lines removal.

c. Auxiliary pressurization systems removal.

d. Repressurization system reconnection.

Test Review

This procedure commenced on 14 June and was accepted on 2 August 1966. Eight

revisions were noted on the revision documentation log sheet, as follows:

a. One provided instructions for relocating the LOX tank ullage monitor
point.

b. Two deleted portions of the test because of parts shortages which

were not detrimental to the program.

Co One revision installed a blank flange at the LH 2 low pressure duct,
as the hardwire transducer normally installed at this location vas

removed for use elsewhere.

do One revision provided instructions for reconnecting the inlet lines

to the L0X and LH 2 repress control modules, to monitor system

status preparatory to the all systems test, }{&CO 11355833.

e. One pertained to capping the monitor lines utilized for the static

acceptance firing only.

f. One provided instructions for connecting desiccants to the LOX

tank auxiliary pressurization system.

g. One restored the vehicle purge system as completed upon reinstallation

of the purge valves.

FARR A192200, written because of an interference fit between the vehicle and

the ground support adapter, was the only discrepancy noted against this

procedure.
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4.1.11 Propulsion System Tests_ Postfiring

Eight procedures were conducted to verify the integrity and function of the

propulsion system components and associated hardware. The procedures were:
a. Manual controls check.

b. Leak check - test stand.

c. Leak check - VCL.

d. Propulsion system, automatic checkout.

e. Engine alignment verification.

f. Removal procedure - _est fittings.

g. APS leak and functional c_eck.

h. APS autoraatic checkout.

4.1.11.1 Ma_ual Controls Check I (IB70767 NC)

Test Explanation

This procedure provided the test sequences to cycle and verify the stage

propulsion manually controlled components 3 as well as to certify the

moisture content of the stage pneumatic control and pressurization sphere.

Test Review

This test was initiated on 8 June and accepted on 16 June 1066.

were no revisions and/or discrepancies on record.

There

4.1.11.2 Final Propulsion Leak Checks (IB70407 NC)

Test Explanation

This leak check procedure was included as a postfire checkout to verify the

integrity of the stage pneumatic system_ cold helium systemj and the LOX

and LH2 tanks_ wbiie in the test stand.

Test Review

This test was initiated on 27 May and accepted on 31 May 1966.

Two revisions were written against thisprocedure: one deleted the leak and

functional checks accomplished by other leak check procedures, H&C0's IB70413

and IB70769; and the second revision provided instructions to perform the
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lockup check on the pneumatic system to ensure that no large quantity leaks

existed.

Nine entries were noted on the leak check log sheet, which were corrected

either hy replacing the seals or retorquing loose connections.

There were no discrepancies on record.

4.1.11.3 Leak and Functional Check_ Propulsion System (IB70769 NC)

Test Explanation

This procedure provided the steps necessary to perform the following

postfiring checks in the VCL:

a. Pressure switch checks.

b. Low pressure ducts vacuum readings.

c. Pneumatic system leak and functional checks.

d. Turbopump torque checks.

e. Engine start bottle leak check.

f. Engine check valve reverse flow check.

g. Engine gas generator and exhaust system leak check.

h. Engine pump purge leak and functional checks.

i. Engine thrust chamber leak check.

j. Engine pneumatic leak and functional checks.

k. L0X and LH 2 tank pressurization systems leak and functional checks.

I. LOX and LH 2 tanks leak and functlom_i c_ccks.

m. LOX and LH2 vent s_s_em_ leak checks.

Te_t Revlcw

The test was initiated on 15 June and accepted on 29 July 1966. Thirty-six

revisions were written to this procedur% as follows:

a. Twelve revisions provided instructions to reconnect the LOX and LH 2

repressurization subsystems as required to perform the all systems
test, H&CO IB55633.

b. Instructions to perform the pressure decoy check on the cold helium

spheres.

c. Instructions to temporarily install a hard line in place of a

regulator under repair.

d. Instructions to determine the individual readouts for the mainstage
pressure switches.

e. Instructions to determine the seat leakage of the L_ 2 chilidown
check valve.
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Test Review

f. Setup instructions required for the decay '_:nec._ of the repres:._z'ization

sys%em.

g. Setup instructions to de te:_ine the hackfio_r on the L0X

repressurizati.on check valve.

__el system for rework.h. Setup instructions to purge the LOX vent and ,_-_ _'

i. Setup instructions required to p,_rge the L0X _ud LH 2 tanks for the

struetural/raechanical fs.ying leak check.

_,_. Instructions to remove and replace a leaky flex hose

k. Instructions to disconnect the "open" contrc! line from the oxidizer

turbine bypass valve to prevent inadvertent opening of the ve,.ive.

.\. Increase the settling-out time to acquire a valid sta.rt bottlc

decay check.

m. Repeat the start _ottle decay check subsequent to replacement of the
vent and relief valve.

n. Instructions to temporarily install flex!tle limes at the inle_ arid

outlet connections of the _bient heliummodule until the _a_dllnes

are fabricated.

o. Instructions to disconnect the L}io transl_mar vent ter_lination

pressure switch as not required.

p. instructions to add freon to the L0X tank for completion of the

tank leak checks.

q. instructions to perform leak checks on the augmented spar< :ignitor

line subsequelt to re-installation.

r. Instructions to perfcm_, the L0X and LH 2 vent and relief valves leak
checks.

s. Instructions to detemnine the minimum/maximum LOXand LH 2 ullage

pressures leak rates.

t. Instructions to perform a leak check on the L0X fill and drain valve.

u. instructions to perform the leak and f_letional checks of all stage

actuation control modules subsequent to re-installation.

v. Delete the procedural steps not required for this test.

4.3..11.4 Propulsion System Test (IB62753 KC)

Test Explanation

The purpose of this procedure was to verify that the propulsion system was

capable of functioning in accordance with desig1_ requirements subsequent to

the two-burn acceptance static firing program. Items tested included:

a. Pressure switches.

b. Pne_ab:;c control system.

c. L0X tauk pressurization system.

d. LH 2 tank pressurization system.

e. J-2 engine system.

The components of the respective systems _^,ere operated individually for the

functional capability verification and to permit fault i.solation.

i I
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Test Review

This procedure was initiated on 31 May 1966 and accepted on 7 June 1966.

Forty-eight revisions were written Co the procedure: forty-two corrected

errors in the program, dictionary, test request document, manual setup, or

operation; five changed time or pressure valves to ensure measurement of the

correct response values 3 utilizing a special orfice setup; and one revision

accepted the LOX chilldown pump purge pressure switch deadboard minimum

pressure ( in excess of the 0.50 psi min.), as a result of the accuracy limits

of the pickup transducer, slow response time for the telementry talkback,

and the small volume module, between the orfice and shutoff valve.

There were no discrepancies on record.

4.1.11.5 Engine Alignment Verification (iB41009 NC)

Test Explanation

This manual procedure provided the requirements and operations for the

determination of the J-2 engine alignment, relative to the stage, subsequent

to static acceptance firing.

Test Review

Performed and accepted on i and 2 June 1966, this alignment procedure verified

that the static acceptance firing activity, including the J-2 engine gimbal

program, was not detrimental to the engine/stage alignment; and no significant

change was noted between the prefire and postfire alignment measurements.
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Test Review

The operations included in this procedure were:

a. Stage position verification.
b. Engine position verification.

c. Engine thrust chamber exitdiameter.

One revisiom was written to this procedure Ce±e_ing portions of the program

that were not applicakle for this test.

4.1.11.6 Removal Procedurej Propulsion Systems Test Fittings (IB70425 NC)

Test Explanation

This procedure provided the instructions required to accomplish the specific

tasks required for removal of the stage propulsion systems test installations

preparatory to postfire securing and stage removal from the test stand.

Test Review

This removal procedure was initiated on 27 May and accepted on 6 June

1966 •

ao

Co

The postfire securing operations included:

Disconnecting the helium purge lines and capping the open ports.

Disconnecting the GN2 flex hoses and water flex hoses from the

diffuse assembly and the tee-ring stiffner from the bell housing

of the J-2 engine.

Removing the tube assembliesj flex hoses, and check valves from the

adapter flanges for the LOX and LH 2 low pressure duct purge

systems, and capping the open adapter ports.

The stage final securing operations included:

a. Removing all stage tanks ground connections and installing

desiccant covers.

b. Disconnecting the vehicle monitor panel lines and the hardwire

instrumentation lines and capping the ports.

c. Disconnecting the LOX and LH 2 auxiliary pressurization lines 3 and

installing a cap on the LOX open port and a flange on the LH 2 open

port.

d. Disconnecting the forward and aft umbilical carrier purge lines and

capping the open ports.

e. Removing the tube assembly and reducer from the prevalve

actuation control module and installing a vent tute; and removing

the LH 2 prevalve shaft seal drain line 3 and capping the open end of
the flex hose.

f. Disconnecting the cold helium dump vent and capping the open port at

the vehicle skirt.

g. Removing the LOX chilldown pump purge vent pigtail and capping the

open tube assembly.
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h. Removingthe J-2 engine area purge installation tube assemblies,
and covering the port on the flange assen_ly with tinfoil and tape.

i. Disconnecting the pneumatic supply flex hoses and vent connections,
and capping the open ports.

j. Verifying the orifice i_entific_tion tag_ in_t_ll_tion.

Four revisions were written to this procedure: one provided instructions for

equipment setup to support the propulsion automatic, H&CO1B62753; one

authorized disconnecting VMPlines from the Model 603 kit to facilitate stage

removal; one revision authorized substituting pipe assembly, P/N IB64416-I,

for P/N 1B51259-i; and one revision deleted the requirement for attaching

red streamers as this will be accomplished in the VCL.

a.

b.

C.

d.

Test Review

There were no discrepancies on record.

4.1.11.7 Auxiliary Propulsion System (iB70742)

Test Explanation

This procedure defined the tests required to ascertain the functional integrity

and operation of the auxiliary propulsion system (APS) modules, when mated

to the stage. The checkout included:

Low pressure functional test of the APS valves and systems.

Maintainanee of propellant tank bladder positioning pressures.

Performance of an automatic pressure scan to check ullage and sphere

transducers, prior to testing the engine quad valves.

System leak check.

This test was initiated on 27 June 1966, and accepted on 3 July 1966. Three

revisions to the procedure included two deleting steps not required for this

stage, and one substituting the numeric readout panel for strip charts, to

obtain greater accuracy over a broader range of values.

One failure and rejection report, FARR Ai97404, noted excessive helium flow

through the closed fuel recirculation port during leak check.
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4.1.11.8 At_iliary Propulsion S_rstem Automatic Checkout (IB62752)

Test Explanation

This procedure provided the automatic tasks required to check the ft_ction of

the auxiliary propulsion system (APS) module engine valves. Computer co_u_n_s

initiated power to the engines, and supplied the signals to energize the valves

for checkout. Preliminary checks included sca_ing the module components for

correct pressure and temperature measurements, prior to functioning the

valve s.

Test Review

The test was performed and accepted by Engineering on 30 June 1966. Five

revisions were noted on the revision doct_entation log sheet, including two

which were not required for this test, and three correcting program errors.

4.1.12 Hydraulic System Tests_ Postfiring

Three test procedures were conducted on determine the postfiring function

and integrity of the stage hydraulic system. These were the hydraulic

system operation and securing procedure, test stand, the VCL operation and

securing procedure, and the hydraulic system automatic checkout.

4.1.12.1 Operation and Securing_ Hydraulic System (IB41006 NC)

Test Explanation

This procedure defined the operations required to obtain postfire fluid

samples of the closed loop hydraulic system, and to prepare the hydraulic

system for stage removal from the test stand and shipment to the vehicle

checkout laboratory (VCL).

Test Review

This procedure was conducted on i June 1966 and accepted on 2 June 1966.
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Test Review

Two revisions were written against this procedure, deleting the procedural

operations not required for this postfire test.

There were no discrepancies on record.

4.1.12.2 Setup_ Operationj and Securing_ Hydraulic System (IB41007 NC)

Test Explanation

This procedure provided the sequence of operations required for setup,

operating, and securing the hydraulic system installation, P/N IA39589, in

the VCL_ suksequent to static acceptance firing. The procedure included:

a. Hydraulic system setup.

h. Engine deflection clearance check.

c. System refill.

d. Instrumentation support.
e. Shutdown.

f. System preparation for shipment.

g. Accumulator reservoir drain hose removal.

Test Review

The test was initiated on 15 June and accepted on 4 August 1966. Seven

revisions to the procedure were noted on the revision documentation log

sheet, as follows:

a. Three deleted steps previously accomplished and not required.

b. T_'o provided instructions for obtaining closed loop fluid

samples.

c. One revision provided instructions for conducting a system

cleanliness check prior to shutdown.

d. One gave steps for system refill, to bring the reservoir level up

to the acceptable limit.

4.1.12.3 Hydraulic System (2571296 NC)

Test Explanation

This procedure provided the automatic and manual test sequences required to

function the closed-loop hydraulic system within defined parameters for

operational acceptance. Included in the test sequences were:
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a. Accumulator precharge pressure measurement.

%. Reservoir oil volt_e switch and pressure transducer checks.

c. System pressure test.

d. Reservoir oil volume position transducer check.

f. Acc_u=ulator rese_¢oir oil pressure check.

g. Polarity and linearity tests.

h. Frequency response test.

i. Engine centering test.

Test Review

The test _,ms performed on 20 July and accepted on 27 July 1966. Nine revisions

to the procedure were recorded on the revision log sheet as follows:

a. Seven corrected program errors.

h. One accepted malfunction indications created by concurrent testing

programs.

c. One increased the delay period for the decay of the 5 VDC power

supply to the iU.

One failure and rejection report was noted during this test. FARR A192199

noted that the accumulator reservoir assembly high pressure charging valve,

P/N IB31275-I , had the stem broken off. The stem was removed and replaced

per B/P.

4.1.13 Environmental Control System Tests_ Postfiring

Three procedures were run to check the function of the forward and aft skirt

thermo-conditioning and environmental control systems. These tests were:

a. Forward skirt thermo-conditioning system checkout.

h. Fo_ard and aft skirt purge system checkout.

e. Aft skirt and interstage the_mo-conditioning and purge system

postfiring checkout.

4.1.13.1 Checkout Procedur% Forward Skirt_ Thermo-Conditionin_ System (IB41884 A)

Test Explanation

This procedure provided instructions for the postfire operation of the forward

skirt the_o-conditioning system while the stage was in the Beta Complex test

stand, for the preparation of the system prior to removing the stage from the

test stand and transporting the stage to the vehicle checkout la%oratory_ and

for securing the Model DSV-4B-359 service equipment to the pre-operational status.
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4.1.13.1 (Continued)

Test Review

Performed and accepted on 2 June 1966, this checkout procedure verified:

a. The capaLility of the forward skirt, to provide a heat sink 3 or

sourc% as required, for the electrical/electronic _u_pment
mounted on the panels.

b. The preparation of the system for stage disconnecting the

associated flex hoses and tube assembliesj installing the appropriate

covers, and certifying the system moisture content within the speci-

fied iLmit of less than 4430 ppm of water/methanol vapor (25 ° F
dewpoint).

c. The securing of the Model DSV-4B-359 servicer. This included

disconnecting and storing the associated hardware and placing the

service controls in the pre-operational positions.

Four revisions were written tothis procedure, pertaining to additional

checkout operations previously omitted from Engineering Order IB41884 "A"

dated 4 May 1966.

There were no discrepancies on record.

4.1.13.2 Post-Countdown; Forward and Aft Skirt Purge (!B55680 A)

Test Explanation

This procedure provided for the orderly shutdo_ of the stage forward and

aft skirt purge systems, at the termination of countdown, and prior to

removal of the stage from the test stand.

Test Review

This test was conducted and accepted on 2 June 1966.

One revision was written, providing for the removal of the APS Simulator,

Model DSV-I_-I88C_ from position III, and the removal of the APS Module

from position I.

There were no discrepancies on record.
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4.1.13.3 Aft Skirt and Interstage Thermo-Conditioning and Purge System

Postcountdo_ Checkout (iB55685 NC)

Test Explanation

This procedure established the test sequences required to proof checkj leak

check 3 and func_ionally _est _he aft skir_ and interstage thermo-conditioning

and purge system. The sequence of tests included:

a. Pre-operation equipment setup and checkout.

b. Thermo-conditioning and purge system test operations.

c. Main manifold proof pressure test.

d. Main manifold operational flow test.

e. Post-operation securing operations.

Test Review

The test was initiated on 28 July and accepted on 2 August 1966. One

revision to this procedure deleted certain tests due to GSE failure. No

failures were noted during testing.

4.1.14 Electrical/Electronic Systems Tests, Postfiring

The electrical/electronic systems tests narratives are divided, for clarity

of presentation, into eight sub-paragraphs, as follows:

a. Power distribution system tests - paragraph 4.1.14.1.

b. Digital data acquisition system tests - paragraph 4.1.14.2.

c. Propellant utilization system - paragraph 4.1.14.3.

d. Telemetry system tests - paragraph 4.1.14.4.

e. Range safety system tests - paragraph 4.1.±4.5.

f. Single sideband system tests - paragraph 4.1.!4.6.

g. Exploding bridgewire system - paragraph 4.1.14. 7

h. Electromagnetic compatibility check - paragraph 4.1.14.8.

4.1.14.1 Power Distribution System Tests

Setup and checkout of the power distribution system was accomplished using

three tests, which are presented in this paragraph as follows:

a. Stage power setup.

b. Power distribution system.

c. Stage power turnoff.
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4.1.14.1.1 Stage Power Setup_ _ost-Firing (iB55836 NC)

Test Explanation

This procedure provided the operations required to verify the capg_iiity of

the ACS to contro_ and activate the _tage electrical power distribution

system. It was also verified that the forward and aft power busses were

not subjected to excessive static loads.

Test Review

The test was performed and accepted on 13 June 1966, with no failures or

revisions noted.

4.1.14.1.2 Power Distribution System (IB55838)

Test Explanation

This procedure defined the manual and automatic tasks required to ensure the

functional capability of the for_'ard and aft power distribution assemblies.

The power distribution system consisted of one aft 28 VDC power source, one

aft 56 VDC source_ and two forward 28 VDC power sources.

Test Review

Performed and accepted on 14 and 15 June 1966, this procedure verified the

capability of the power distribution system to supply electrical power to the

stage systems. The various tests performed established that static loads on

the power busses were not excessive, and certified the proper operation of

all the power switching circuits.

Five revisions were _Titten to this procedure. One stated that the "on"

condition for the LH 2 fast fill sensor wet condition was not required for

this test because the control module had been installed. A second revision noted

that the LH 2 continuous vent relief override valve indicated "off" because it

was carried on the same cable as the continuous vent valve. The latter was a

cycle significant itemwhich had been disconnected.
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4.i.i4.1.2 (Continued)

Two revisions corrected program errors; and one increased a tLme delay for

the aft No. 2 po_¢er supply :'off" condition_ to permit a capacitance

discharge duo I;o a no-io_d condition on _he h_t_ery.

There were no discrepancies on record.

4.1.14.1.3 Stage Power Turnoff; (LB55837 NC)

Test Explanation

_is procedure provided the _nual and automatic test sequences utilized to

shut doom the stage power distri'hution system 3 subsequent to the completion

of the various stage system checkout procedures; and to verify the capability

of the ground support equipment to control power switching to and within the

stage.

Test Review

This procedure was performed and accepted on 13 and 14 June 1966.

There were no revisions and/or discrepancies on record against this procedure.

4.1.14.2 Digital Data Acquisition System Tests

Three tests were conducted in VCL_ following static acceptance firing 3

which verified the calibration and function of digital data acquisition

system (DDAS) components. These tests were:

a. DDAS caiihration: manual operations.

"L. DDAS calihration_ automatic.

c. DDAS automatic checkout.

4.1.14.2.1 Digital Data Acquisition System Calibration; Manual Operations

'('LB,44475B )

Test Explanation

_e purpose of this procedure was to provide the supplementary manual in-

structions required to verify the calibration of the PCM data system during
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4.1.14.2.1 (Continued)

automatic testing. The PCMsystem consisted of the PCM/DDASassembly and the

600 KC voltage calibrated oscillograph (VC0) coax linkage to the ACS.

Test Review

Performed and accepted on 5 July 19663 this procedure verified the operation

of the Model 270 multiplexers and the Model 301 PCM/DDAS assembly. There

were no discrepancies or revisions _Titten against the test.

4.1.14.2.2 Digital Data Acquisition System Calihration (IB55839 NC)

Test Explanation

This procedure provided the automatic and manual test sequences required to

function the digital data acquisition system under prescribed design

parameters_ and to monitor the performance of each item tested. Elements of

the pulse amplitude modulated and pulse coded modulated stage telemetry systems

comprised the composite data linkage for the digital data acquisition system.

Functionally verified included:

a. Model 270 multiplexers (individually checked)

b. Digital data acquisition assembly.

c. Digital data acquisition subsystem grotmd station.

d. Data channel input impedance.

Test Review

This checkout procedure was performed on ii July and accepted on 18 July 1966.

Eleven revisions were _Titten against this procedure: six pertained to program

changes, deleting and adding steps to improve the testing technique; two

corrected program errors; two revisions accepted on out-of-toierance voltage

measurement for the 5 VDC excitation module; and one revision accepted the

initial scan conditions as not detrimental to this checkout procedure.

There were no discrepancies on record.
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4.1.14.2.3 Digital Data Acquisition System (IB55840 NC)

Test Explanation

The purpose of this procedure was to provide operational status verification

of all stage data channels. This included the operation of all signal

conditioning units and their associated amplifiers, the command calibration

channel decoc_ers, the multiplexers, the digital data acquisition assembly,

and the central command calibration decoder assembly.

Test Review

This checkout was initiated on 14 July 1966 and accepted on 27 July 1966.

A total of sixty revisions were noted on the revision log sheet, as

follows:

a.

C,

Thirty-eight corrected errors in the program.

Thirteen covered conditions resulting from components not installed

or temporarily disconnected.

Nine allowed out-of-tolerance measurements due to faulty transducers

and shorted pins in a connector.

Eleven failure and rejection reports were written during the course of this

test. Of these, six remained unresolved at the tim_ of stage shipment to

FTC. The FARR's were:

a. FARR A188242 noted that Q-meter, P/N IB52861-I, S/N 4, had sporadic

output with both high and low rats calibration signal, when a

28 _DC signal was applied. The meter was returned to the vendor

for rework.

h. FARR A191950 noted that pressure transducer, P/N iB40242-507,

S/N 507-3, read high on the low end of the scale. The transducer

was retested and accepted for use.

c. FARR A192190 noted that transducer 4i0MT604, P/N IA68589-503,

S/N C85, failed during run 2A of the static acceptance firing. The

transducer was replaced.

d. FARR A197290 reported that valve, P/N IB51753-501, S/N 00001, would

not regulate properly. The valve was reworked per SEO IB51753-004.

e._ FARR A197424 noted that pin V of plug J-4 on multiplexer,

P/N IB29741-563, S/N 00001, was bent 45 °. The pin was straightened.

f. FARRAI97425 reported that pressure transducer, P/N IB40242-523-001,

had high readings on the high end. The transducer was routed to

the lab for further testing, and was accepted.

g. FARR A204804 noted that pressure transducer, P/N NA5-27316-T5T ,

S/N 2889, which had been removed and replaced per FARR A204835,

was found to be open on resubmit. The transducer was returned to

the vendor for rework or replacement.
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4.1.i_.2.3 (Continued)

Test Review

h. FARR A204510 noted a ding in duct assembly, P/N IA87234-I. _nis

problem was unresolved at STC turnover to FTC_ and the FARR remained

i. FARR A204813 reported incorrect pressure indications from transducer

403MT670, P/N IA97442-I, measurement D200. The transducer was

returned to the lab for retest, and accepted.

j. FARR A204833 indicated that, upon removal of the transducer noted

on FARR A197425, the transducer and associated tubing had metal

chips and brown discoloration on the inside surface. This

problem was under investigation at the time of turnoverj and the

FARR remained open.

k. FARR A204835 noted that the transducer rejected per FARR A204804

had ambient low racs reading. The transducer was removed and

tested further, and was accepted.

4.1.14.3 Propellant Utilization System (IB55845 NC)

Test Explanation

This procedure provided the steps required to verify the operation of the

propellant utilization (PU) system. The checkout included verification of

the proper application of stimuli transmitted to the stage interface, and

the patching of each response through specific response conditioner channels.

Test Review

The test was conducted on 27 June and accepted on 18 July 1966. Nine

revisions to the procedure were noted; as follows:

a. Five corrected minor program errors.

b. Two accepted certain out-of-tolerance readings.

c. One increased delay time to ensure complete reception of multiplexer

signals.

d. One increased talkback tolerances to compensate for talkhack

voltages introduced by ground support equipment patching.

There were no discrepancies written against this procedure.

4.1.14.4 Telemetry System Tests

The postfiring operational status of the PAM/FM/FM telemetry system was

verified h y two procedures. These were:

a. Telemetry system, manual operations.

t. Telemetry system_ automatic checkout.
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P

4.1.14.4.1 Telemetry _, _oysuem; Manual Operation (IB57859 NC)

Test _'" _ "

The purpose of this test was to provide the manual steps necessary to set up,

aiigl b and t_st the FM/PM telemetry system. The test was run in conjunction

with automatic K&C0 ]2355843.

1.

C.

d.

e.

f.

g.

Functions included were:

Sulcarrier oscillator (SC0) %andedge adjustment.

Manual setup for channel verification.

SC0 pre-emphasis verification.

Final transmitter:deviation check.

Transmitter center frequency check.

Flight recorder check.

Program plug check.

Test Review

The test was initiated on Ii July and accepted on 27 July 1966. The following

four revisions appeared on the revision documentation log sheet:

a. One disconnected the PCM transmitter so that the center frequency of

the transmitter switching assemtly output could he measured

accurately.

%. One deleted the SC0 adjustment %ecause no malfunctions had keen

noted during automatic checkout.

c. One deleted a test on a non-flight tape recorder.

d. One deleted the requirement for data reduction because analysis

of oscillograph readings indicated accepta%le data.

No failure and rejection reports were written _gainst this procedure.

4.1.14.4.2 Telemetry Systemj Automatic Checkout (!B55843 NC)

Test Explanation

This procedure provided the automatic sequences required for calibration and

verification of the telemetry system. Included in the sequences of tests

S_carrier oscillator (SC0) kandedge adjustment and associated pre-

emphasis schedule verification.

k. Telemetry cali%rator performance verification.

c. Telemetry channel verification of the 2]_/FM system measurements,

including the PAMmultiplexers.

d. Operation of the PAM data train.

e. Operation of the antenna system, including the measurements for

transmitter power output, open-loop and closed-loop VS_R, and
insertion losses.

85



Douglas Report SM-53184

4.1.14._.2 (Continued)

Test Explanation

f. Transmitter center frequency measurements.

g. Tape recorder operation in the bypass, fast-record, slow-record,

and p!ay_k mo_Qsj amd _v_luatlon of _t_ _CC_cy degra_tgO_.

h. Verification of program plug wiring for each SCO mounting assembly.

Test Review

The test was performed on 21 July and accepted on 27 July 1966. Eight

revisions to the procedure were recorded, as fol!ows_ on the revision log

sheet:

a.

h.

Three required chamuel verification after transducer installation.

One accepted initial scan discrepancies as not detrimental to this
test.

c. One called for changes in currenZ and power requirements for the

redesigned transmitters.

d. One revision corrected a program error.

e. One deleted tests on a non-flight tape recorder.

f. One compensated for the out-of-tolerance condition of the

breakpoint amplifier for reflected power antenna i.

One failure and rejection report pertained to the above breakpoint amplifier.

FARR A204811 noted that the amplifier, P/N IB54875-I, had incorrect output.

The _mplifier was removed and routed to the lab for further testing.

4.1.14.5 Range Safety System Tests

Three test procedures were included to check the capability of the range

safety system to terminate flight and initiate propellant dispersion on

command.

a.

h.

C.

These tests were:

Range safety receiver manual checkout.

Range safety receiver automatic checkout.

Range safety system.

4.1.14.5.1 Range Safety Receiver, Manual Operations (!B44477 A)

Test Explanation

This procedure provided instructions for the test equipment setup and manual

operations to _e performed in conjunction with the automatic range safety

system tests, H&CO's IB55841 and IB55844. The flight readiness of the range

safety receiver system was determined hy these tests.
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4.1.14.5.1 (Csnzinued)

Test Review

The procedure was conducted and accepted on 2 July 1966. Three revisions

to the procedure were noted in the revision documentation log shee_ as

follows:

a.

C.

One provided instructions for the performance of deviation threshold

and open loop RF check% with the system operating in the linear
mode.

Another revision contained steps for performance of open loop RF

test% with the maximum input to the least sensitive receiver
not to exceed i0 microvolts.

One revision accepted a i0 per cent deviation due to raise in a

high level measurement.

4.1.14.5.2 Range Safety Receiver Automatic Checkout (iB55841 NC)

Test Explanation

The purpose of this procedure was to provide the necessary operations to

verify the function of the range safety receivers. Included in the test

were certification of the range safety receivers for automatic gain control

calikration and drift, minimt_ acceptable deviation sensitivity_ and

minimt_m acceptahie RF sensitivity.

Test Review

This test was initiated on 6 July and accepted on 18 July 1966. Eleven

revisions were noted against the procedur% as follows:

a. Five changed the automatic test sequences to coincide with the

manual setup.

h. Two corrected minor errors in the program.

c. Two provided instructions for determining the automatic gain

control curve for the No. 2 range safety receiver.

d. Two accepted out-of-tolerance measurements as not detrimental to

this checkout.

4.1.14.5.3 Range Safety System (1355844 NC)

Test Explanation

The purpose of this procedure was to verify the operation of the redundant

range safety system. The checkouts conducted included:
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4.1.14.5.3 (Continued)

e _-T s_ Explanation

a. Exploding hridge_ire and receiver external/internal transfer test.

h. Engine cutoff Zest.
c. _xpiOdimg t_'!dgewi_ pui_Q se_so_ and propellant di_r_ion command

in_qihit test.

d. In-flight securing test.

e. Arm and engine ,cutoff command tes_.

f. Propellant dispersion command zest.

g. Safe and am device test.

Test Review

This procedure was performed on 5 July and accepted on 18 July 1966, with no

revisions or functional faiiur_s noted.

4.1.14.6 Single Sidehand System Tests

Two tests were run to verify the calibration and function of the single

sidehand system. They were:

a. Single sidehand system, manual operations.

h. Single sidehand system, automatic checkout.

4.1.14.6.1 Single Sidehand System_ Manual Operations (IB57860 NC)

Test Explanation

This procedure provided the manual test sequences required to ascertain the

single sidehand (SSB) system calibration and the GSE status, prior to

automatic checkout per H&CO IB55842. The checks included:

a. Marker channel verification.

_. Preflight sweep calibration.

c. Channel verification.

d. inflight calibration.

e. Transmitter deviation and information transmission check.

Test Review

The test was initiated on 28 June and accepted on 21 July 1966. Four revisions

were noted on the revision log sheet 3 as follows:

a. One identified additional end item test equipment.

b. One increased the channel amplitude tolerance parameter.

c. One revision authorized altering data sheets to correspond with

stage channel assignments.
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4.1.14.6.1 (Continued)

l'esz Review

d. One accounted for out-of-tolerance channels noted _eiow.

tes%; as follows:

a. FARR A191912 noted that the output at pin D, accelerometer

427_604E!19, P/N IA68707-_25; S/N 254, was 60 cycle, 3.4 VRMS.

Output should have keen 400 cycle; 4 volts peak to peak. The

_mplifier was recalikrated and retested without incident.

%. !_RR A204815 noted that acce!erometer 4!LMT670, S/N E93,

malfunctioned. The accelerometer was routed to the la% for

retest 3 and the FARR remained open at turnover.

c. FARR A201_16 noted a similar malfunction of accelerometer

41_4T687. The accelerometer _%s retested and accepted.

d. FARR A204817 reported a malfunction of acoustical transistor

426_612, S/N B013.

4.1.14.6.2 Single Side%and System (IB55842 NC)

Te st Explanation

This procedure provided the test sequences required to ft_ction and monitor

the single side%and system. The general sequence of tests included:

a. Power distri%ution to single sidehand equipment.

t. Sequence commands.

c. Remote automatic calikration assembly (RACS).

d. Marker channel verification.

e. Preflight sweep cali%ration an_ translator unit check.

f. Channel verification.

g. Transmitter deviation and output check.

rest Review

This test was performed on 22 July and accepted on 27 July 1966. One revision

to the procedure repeated the channel verification test as the 400 cps acousti-

cal oscillator output voltage level had been adjusted incorrectly.

No failure and rejection reports were _mitten.
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4.1.14. 7 Exploding Bridgewire System (IB55846 NC)

Test Explanation

_is procedure defined the manual setup and automatic test sequencesrequired

to verify the capability of the exploding _ridgQwire (EBW) system to initiate

ullage rocket ignition and jettison, when so commanded in flight hy the

instrument unit.

Test Review

Performed and accepted on 22 Jt_e 1966, this test included the following:

a. PrelLminary EBW firing unit and pulse sensor test.

h. EBW firing tu_it ignition pulse sensor self test.

c. Ullage rocket EBW firing unit test.

d. Ullage rocket jettison firing unit test.

The firing units were charged by applying a stepped up charging signal to a

storage capacitor (2300 volts). A second signal was stepped up to 5000 volts

to trigger a gap tube, and, as the tube ionized_ the storage capacitor

discharged through the EBW detonator.

One revision was written to this procedure, deleting portions of the procedure

not required for this test.

4.1,14.8 Electromagnetic Compatibility Check (IB64969 NC)

Test Explanation

This procedure provided the setup and operating instructions for the special

electromagnetic compatibility test equipment used during the simulated all

systems flight test, H&C0 IB55833. Included was verification that the stage

RF systems were capable of operating within the electromagnetic compatibility

acceptance range.

Test Review

This test was conducted and accepted between 15 and 27 July 1966. Four revisions

were written to the procedure, including two modifing non-flight circuit

9O
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4.1.14.8 (Continued)

Test Review.7

hoards for this test_ and two correcting errors in oscilloscope connection

callouts and the Model 131 power supply output.

There were no discrepancies written against this procedure.

4.1.15 All Systems Test (1955833 A)

Test Explanation

This procedure described the test sequences required to simulate propellant

loading, liftoff, separation, ignition, flight, shutdown_ and restart of the

stage.

a.

h.

Co

d.

e.

The major events in the sequence of occurance included:

Stage power setup.

Initial conditions scan.

Electrical setup.

Propulsion and pneumatic setup.

Prelaunch preparations.

i. Instrumentation system calibration.

2. Purging.

4 3- Simulated loading, chilldown, and prepressurization.

4. Battery simulators on.

5. External/internal power transfer.

f. Liftoff.

g. Stage separation and ullage firing.

h. Engine start sequence.

i. Hydraulic test and engine gimballing.

j. Range safety engine cutoff.

k. Depletion sensor engine cutoff.

1. Switch selector engine cutoff.
m. Coast mode.

n. Engine restart sequence.

Test Review (Run !A)

This run was performed on 28 July 1966 and accepted on 8 August 1966. Twenty-

one revisions to the procedure appeared, as follows, on the revision documen-

tation log sheet:

a. Thirteen corrected errors in the program and/or test request document.

b. Two accepted out of tolerance conditions which did not affect the

intent of the procedure.

c. One revision provided instructions for manually resetting three

electrical functions after shutdown of bus power.
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4.1.15 (Continued)

Test Review (Run IA)

d. One revision introduced a breakpoint to provide additional time for

the EBW pulse sensor power to go off, and the range safety

propellant dispersion safe power to _ an.

e. One removed the LH 2 continuous vent because it had cycled the maximum
allowable number of times.

f. One increased the reflected po_{er measurement tolerance for open-loop

transmission to the data laboratory.

g. One revision gave steps for rewinding the tape recorder prior to

commencing the second portion of the all systems test.

h. One turned on the propellant utilization inverter and electrical

power per pre-test setup instructions.

4.1.16 Auxiliary Propulsion System Tests

The following eight procedures describe prefiring, acceptance firing, and

postfiring activities on APS modules, S/N's 1005-1 and 1005-2. APS module

one was static fired on 6 May 1966 per test request 2075, and acceptance

firing of APS module two took place on 13 May 1966 per test request 2076.

Each of the following procedures was conducted separately for each module.

4.1.16.1 APS Controls and Instrumentation inter-face Electrical Checkout

(!B60951 NC)

Test Explanation

This procedure consisted of resistance and limited power checks to verify

the following:

a° That power could safely be applied to the APS interface connectors°

b. That the resistance measurements obtained met or exceeded Engineering
specifications.

Test Review

Each module was tested twice, once before the APS engine acceptance firing 3

and once after. APS module one was tested for interface compatibility for

the first time on 18 and 19 April 1966, and for the second time on 6 May to

23 June 1966. A revision to the first run deleted measurements for parts not

installed. APS module two was tested prefiring from 27 April to 2 May 1966,
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4.1.16.1 (Continued)

Test Revie_¢

and postfiring testing took place between 13 May and 13 June 1966.

revisions were noted for either run.

No

FAiR A!92127 noted that temperature transducers, P/N IA68589-509, S/N's A681

and A7383 on module two 3 read open when installed. They were returned to the

vendor for replac_v_ent.

4.1.16.2 APS Prefiring Test Preparation (1960957 NC)

Test Explanation

This procedure prepared the APS modules for prefiring testing, by detailing

the test equipment and setups required for these tests.

Test Review

APS module one was tested per this procedure on 2 May 19663 and accepted on

i0 May 1966. Three revisions to this run provided for purging the system

for five minutes with GN 2 to remove all freon; adding a spacer sight glass

asse_oly to prevent the APS rivet heads from _eing marred; and deleting

a test 3 adding a _ter system to aspirator _3 and denoting the method of

iustallation for this aspirator.

APS module two was tested on ii May 19663 and certified on 17 May 1966. A

revision was written to delete a step which w_s no longer necessary for this

test.
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4.1.16.3 Auxiliary Propulsion System Chec, out (IB60958)

Test Ex_lanst_io n

This procedure was designed to verify that the A_S modules would function,

free of _oaks, per design requirements.
a.

b.

C,

d.

e.

f.

g.
h.

Tegts in_@_4 wsr_ as fQIIOwE:

Helium tank leak and functional checkout.

Critical valve functional checkout.

Test of leak detection system.

Leak check of the propellant control module check valves.

_ressurization system leak and functional check.

Quad check valve low pressure l_ak check.

Leak check at full operating pressure.

Blanket pressure decay check.

Test Review

These checkouts were conducted on APS module one tetween 23 April and i0 May

1966, and on APS module two between 2 and i0 May 1966. Five revisions were

written against the r_n on module one, as follows:

a. One set up new procedure for the low pressure helium relief valve
check.

h. A revision re_an a step to obtain a clearer printout.

c. One deleted ur_eccessary steps fr_ the procedure.

d. Another set up a _ew Apollo regulator test, and deleted _everal pages.

e. One revision disconnected lines and plugs to prepare the APS for

shipment to cell 3.

One failure and rejection report, FARR A179095, noted out-of-tolerance

operation of the high pressure helium relief valve. The valve was accepted.

Tez revisions to the r__u on APS module two included:

a. Three inccrporating all those revisions which bad been "_itten

a_ainst module one.

h. One providing for the activation cf the test stand at the

beginning of each shift.

c. Three retesting engine 2 quad valves and replacing the engine.

(Ref: FARE A179093).

d. One setting up a procedure for testing the replacement engine

system.

e. One deleted steps not required.

f. A revision provided a method for purging residual freon from GSE and

module suitcases.

FAP_ Ai79093 pertained to a stuck quad valve in engine No. 2. The engine was

replaced.
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4.1.16.4 Co<_ntdc_m Man<_ai - APS Module Static Acceptance Firing

Test Explanation

This countdo_m_ manL,al descriked the tasks which ccmprised the static acce}tance

firing acZivities fcr the ]L°S modules. Of _he fifteen individual tasks specified

in this procedure 3 nine involved personnel assignments and equipment setup,

and one was deleted in its entirety hy a revision. The remaining five were

as follows:

a. Task i - Verify power setup and safet_ requirements.

h. Task i0 - Loaded propellants; and purged the propellant systems

after firing.

c. Task ii - Static firing_ including pressurization and depressurization.

d. Task 12 - Unloaded propellants.

e. Task 13 - Flushed the propellant tanks assembly with freon 3 and purged

with GX2.

Test Review

The countdown/acceptance firing/post countdowr, activities were run on APS

mcdule one _etween 5 and 9 May 1966. Acceptance firing took place on 6 May_

and the test results were certified on i0 May.

Two revisions to task i0 permitted all modifications necessary to install

the No. i and 3 engine aspirators. _ Two revisions to task 12 deleted steps

previously accomplished. Two revisions to task 13 involved securing the

site and deleting steps.

The sam,.etasks were run on APS module two, as countdown nanua!, }{&CO

iB609443 between 5 and 13 May 1966. A revision to task i0 involved installation

of engine aspirators; and two revisions to task 12 provided helium for

unloading GN2, and deleted steps not required. Five revisions to task 13

included the following:
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4.1.16.4 (Co1_tinued)

Test Review

a. One gave instructions for application cf !5 psig Llanke_ pressure

to the oxidizer servicer storage tank.

h. One di_connec4ed the calibration tank from the fuel servicer.

c. One added procedures for calibrating the emgine P/C transducers.

d. One allowed a hold and X-rays for checking gas permeation through
zhe oxidizer bladder.

e. One provided for calibration to update the progr_T_.

4.1.16.5 APS Postfiring Disassemhly/Reassembly (IB60959 NC)

Test Explanation

The postfiring disassembly of the APS modules was conducted in order to

permit decontamination of the propellant tanks and associated hardware.

The modules were reassembled per this procedure prior to postfiring checkout.

Test Review

APS module one was disassembled 3 deconta_inated_ and reassemlled per this

procedure on 9 May 1966$ however 3 sealing compoun@ was not available to

seal the engine nozzle to its support bracket. The procedure remained

open pending sealant. No revisions or failures were noted during the

decontamination of this module. APS module two was disassembled in the

identical manner on 14 May 1966; however, proper handling procedures for

tubing wi_h temperature patches was noted in one revision. _ere were no

functional failures reported.

4.1.16.6 APS Postfiring Decontamination procedure (IB60962 NC)

Test Explanation

This procedure contained the steps required to dry and purge the APS modules

subsequent to static acceptance firing.
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4.1.16.6 (Continued)

Test Revie_

APS module one was dried and purged _ith GN 2 on 12 May to 20 May 1966. One

revision to this procedure deleted steps which were no longer required. APS

module two _¢as purged and dried by 26 May 1966. A revision to this run

included certain tt_e assemilies in the drying process.

4.1.16.7 APt ESectrieal Control System Checkout (!B60954 NC)

Test E_pianation

The purpose of this procedure was to check out the electrical/electronic

equipment in the APS system, both prior to and subsequent _o static

acceptance firing of the APS engines. Functions conducted included electronic

verification of actuation of quad valves, continuity checks of wiring, and

check of switches and solenoids in the modules.

Test Review

Both APS modul_s were electrically checked out without incident, both before

and after acceptance firing. APS module one was checked for the first time

between 18 and 23 April 1966, and postfiring checkout took place between 6

and 26 May 1966. The only revision to these runs deleted GSE checkouts,

as these had _een done previously. APS module two was electrically checked

between 27 April and 3 May 1966, prior to firing. Postfiring checkout of

this module was run between i and 6 June 1966. GSE checkout was deleted

from these runs.

--/G4.1.16.8 APS Postfire Checkout (i_o0_60 NC)

Test E_planation

This procedure was conducted to check out the integrity and operation cf the

APS modules following static acceptance firing. The following functions
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4.1.16.8 (Continued)

Test Explanation

were included:

a. Critical valves f_ctional checkout.

h. Propellant contro_ module check valve 1Q_k chQck.

c. Quad check valve cracking pressure tesL.

a. Quad check vaiv_ leak check.

e. Low pressure helium relief valve check.

f. Apollo regulator checkout.

g. Engine valve current signatures.

h. Engine injector valve package leak check.

i. Engine chamber leak check and ch_mLer transducer checkout.

j. Full operating pressure leak check.

k. Oxidizer sys_em_ purge.

i. Fuel system _urge.

m. Ullage system purge.

n. Blanket pressure decay check.

o. Propellant tank fit check and bladder checkout.

Test Review

APS module one was tested per this procedure beZweem 20 May and 6 June 1966,

with acceptance of the results taking place on 14 June 1966. Fourteen

revisions were written against this run_ as follows:

a. One required the apollo regulator high pressure checkout, Lecause

the regulatcr had been changed suh sequent to static firing.

b. One added a leak check for check valve, P/N IB51361-I.

c. Two provided for activation of the test facility at the start of

each shift.

d. One added procedures to check out transducers under pressure.

e. One reran engine transducer checkouts.

f. One called for reverification of facility lines.

g. One required checkout of a replacement oxidizer manifold.

h. One revision modified the full operating pressure leak checks_

and set certain allowable leakage limits.

i. One provided correct orificing of fuel and oxidizer instrumentation

kits for _ladder checkouts.

j. One revision provided methods for allowing luhe gas to vent from the

tank, and for supplying GN 2 to the fuel instrumentation kit.

k. Another g_ve instructions for investigating the extent of thrust

ch_nher injector leakage.

I. One provided steps for sealing the leakage around the throat lines

during the thrust chamber injector leak check.

m. A final revision reran engine 2 thrust chamber leak checks, using

GN 2 and helium.
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4.1.16.8 (Continued)

Test Review

APS module two was checked out for post firing integrity between 2 and i0

June _966. F_v_ r_v_ w_ wr_t_ "_o $h_ _aL1ro, _Q_g th_ _o

regulator high pressure check and a check of the integrity of the helium

check valves.

FARR A179100 noted a scratch in a tube assembly in the oxidizer manifold system_

causing excessive leakage in the flange end. The manifold assembly was

removed in order to replace the. tube assembly. The manifold was then

replaced in module one.

4.1.i7 Weigh and Balance (!B55602)

The stage weigh and balance procedure was conducted in such a manner as to

accurately measure the stage preflight weight, and to determine the hori-

zontal center of gravity from the results.

The stage weight in air was found to be 28, i07.15 pounds, and the weight

adjusted for Standard Locality in a vacuum was 28,159.18 pounds. The

longitudinal center of gravity was located at Station 339.91.

No functional failures occurred during weigh and balance activities, which

were conducted and accepted on ii August 1966.

4.1.18 System Tests Not Included

_o sysbem checkouts which we±e completed at the t_e of turnocer 3 were

not available for narrativewriteups at press time. These were:

a. Structures inspection, H&C0 iB70756

b. VCL thermo-conditioning system checkout I{&C0 IB57599.
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4.2 Sta_e Checkout_ Space Systems Center

Paragraph 4.2 narrates the tests performed on the stage after basic assembly, prior

to shipment from Douglas SSC to STC. The stage entered tower 5 of the SSC/VCL on

15 November 1965. System checkouts were initiated on 22 November 1965, and con-

tinued until 29 January 1966. At this point, the stage was removed from the tower,

and prepared for shipment.

Paragraphs 4.2.1 to 4.2.6 contain information of the six major areas tested:

Umbilical Mechanical Mating; Environmental Control Systems; Electrical/Electronic

Systems; Engine Alignment; APS Simulation; and Hydraulic Systems.

Because of schedule and parts shortages, a number of planned tests were not per-

formed at SSC/VCL. Paragraph 4.2.7 indicates the tests that were not conducted

at SSC.

4.2.1 Umbilical Mechanical Matin_

Two test procedures were conducted to perform mechanical mating checks on the for-

ward and aft umbilical kits. The umbilical kits are the interface link connecting

the stage to GSE electrical, pneumatic, and air conditioning functions, and must

be properly mated before stage systems tests can be conducted.

The two procedures involved in this check are:

a. Umbilical kit, aft - checkout stand.

b. Umbilical kit, forward - checkout stand.

4.2.1.1 Umbilical Kit_ Aft - Checkout Stand (IB57918)

This procedure was conducted to install the aft umbilical kit, P/N IA57917-I, at

the stage aft umbilical panel, and to ensure proper alignment and mating of the

umbilical kit and the stage umbilical panel.

The test was run on 2 February 1966, with acceptance taking place on the same date.

Eight revisions were recorded on the documentation log sheet. Five deleted para-

graphs; one because a hoist was not available, and four because the steps were not

required for this vehicle. Two added items; one to eliminate interface between ring

and support, and one to provide for removal of the carrier assembly. One revision

corrected a typographical error.

No discrepancies were noted during this procedure.
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4.2.1.2 Umbilical Kit_ Forward - Checkout Stand (IB57920)

This document provided handling and installation procedures for the forward umbil-

ical kit. The kit was mated with the stage umbilical panel on 2 February 1966, and

the procedure was reviewed and accepted on the same date.

There were four revisions noted on the revision log sheet. Two deleted steps not

required for this stage, one added a paragraph to provide for the removal of the

carrier assembly, and one corrected a typographical error.

No failures were recorded during this procedure.

4.2.2 Environmental Control Systems

Three test procedures were performed involving the forward skirt thermo-conditioning

system and the Model DSV-4B-359 GSE. thermo-conditioning servicer. The tests pre-

pared the thermo-conditioning system and servicer for operation, controlled their

operation during stage checkout, and shut them _ after checkout completion. The

forward skirt thermo-conditioning system provides a temperature controlling heat

sink for all stage electrical and electronic equipment located in the forward skirt

area. During all ground checks involving this electrical equipment, the model 359

servicer provides the water/methanol coolant for the thermo-conditioning system,

and maintains coolant circulation, flow-rate, and temperature, within the required

limits.

The three tests performed on the forward skirt thermo-conditioning system were:

a. Precheckout procedure.

b. Operating procedure.

c. Postcheckout procedure.

4.2.2.1 Pre-Checkout Procedure_ Thermo-Conditionin5 System_ Forward Skirt (IB41932)

Test Explanation

This test was conducted to verify that the thermo-conditioning system was able to

support automatic checkout activities.

Test Review

This test was started on i0 December 1965, and was accepted on 13 December 1965.

The revision documentation log sheet listed the following eighteen revisions:
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4.2.2.1 (Continued)

a. Six changes in procedure were made in order to conform to NASA requirements.

b. Two deleted steps which were unnecessary because a leak check had previously

been run to an identical procedure.

c. Three deleted paragraphs from the procedure; one because hardlining the fac-

ility GN 2 to the servicer made it unnecessary to close the GN 2 valve for
hookup, one deletion involved draining exce_s fluid from the reservoir, and

one deleted paragraph noted that the GN 2 valve was frozen open.

d. Four added paragraphs to the procedure; one to provide means for preventing

pressure buildup in the stage, one to provide for draining excess fluid, one

to prepare for hooking the servicer to the stage, and one to provide for

entering the particle count of the fluid added to the reservoir.

e. Two revisions were found to be unnecessary and were deleted.

f. One changed a paragraph because sell out of the procedure had to.be accom-

plished before performing the step.

No discrepancies were noted against this procedure.

4.2.2.2 Operating Procedure_ Thermo-Conditionin5 System, Forward Skirt (IB421301

Test Explanation

This procedure provided instructions for operating the forward skirt thermo-condi-

tioning system, P/N 1B38h26-507, in the stage, and to set up and operate the model

DSV-4B-359 servicer during automatic checkout activities.

Test Review

This test began on 17 December 1965 and was accepted on 9 February 1966.

visions were noted on the revision documentation log sheet, as follows:

a.

b.

Co

do

e.

Seven re-

One changed a drawing number which was typed incorrectly.

One eliminated a requirement for checking servicer gauge calibration stickers,

because gauge calibration was accomplished during servicer certification.

Three deleted sentences requiring control of the GN 2 source, because this
source was controlled at the facility, rather than at the servicer.

One deleted a time limit which could not be complied with prior to sellout
of document.

One deleted a requirement that entries on the test record be verified by

AFQA and Douglas personnel, because verification was obtained on the time

data sheet.

No failures were recorded in the course of this procedure.
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4.2.2.3 Post-Checkout Procedure_ Thermo-Conditioning System_ Forward Skirt

(IB55439)

Test Explanation

This procedure provided checks for system cleanliness and leaks, and included in-

structions for preparing the thermo-conditioning system for shipment. The clean-

liness test showed that the water/methanol system was free of contaminants, and

the leak check ensured that leakage was not in excess of specified values. Pre-

paration for shipment involved ensuring that the system moisture content was within

specified limits.

Test Review

This checkout was initiated on 30 January 1966, and was completed without major

difficulties on 2 February 1966. S@ven revisions were made, and recorded on the

revision documentation log sheet as follows:

a. Three changed paragraphs in order to make possible a better indication

of system dryness.

b. One deleted the requirement for weighing the servicer freon bottle, be-

cause no leak checks were conducted on the servicer during this test.

c. One required that the air valve port be re-opened slightly to prevent

trapping moisture.

d. One paragraph was deleted because the parts called out were not available.

e. One deleted a test completion time limit because the limit could not be

complied with prior to sellout of the document.

No discrepancies were recorded against this procedure.

4.2.3 Electrical/Electronic Systems

The various manual and automatic test procedures used to check out the stage elec-

trical and electronics systems are presented in this paragraph. The paragraph is

divided into ten subparagraphs for presentation, with each subpara6raph concentrating

on one particular area of interest. These areas are:

a. Continuity compatibility tests - paragraph 4.2.3.1.

b. Power distribution tests - paragraph 4.2.3.2.

c. Signal conditioning test - paragraph 4.2.3.3.

d. Digital data acquisition tests - paragraph 4.2.3.4.

e. Exploding bridgewire test - paragraph 4.2.3.5.
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4.2.3

f.

g.

h.

i.

J.

(Continued)

Propellant utilization tests - paragraph 4.2.3.6.

Level sensor and control unit calibration test - paragraph 4.2.3.7.

Cryogenic probe verffication - paragraph 4.2.3.8.

Telemetry and range safety antenna system test - paragraph h.2.3.9.

Electromagnetic compatibility checks - paragraph 4.2.3.10.

4.2.3.1 Continuity Compatibility Checks

Three test procedures were conducted to verify the proper continuity of the stage

electrical wiring, and the compatibility of the wiring with the stage electrical

and electronics equipment, with other stages or components of the Saturn S-V ve-

hicle through the stage interface panels, and with GSE equipment through the stage

umbilical panels.

The three tests conducted were:

a. Continuity compatibility check.

b. Forward and aft interface compatibility check.

c. Umbilical interface compatibility check.

4.2.3.1.1 Continuity Compatibility Check (IB44541)

Test Explanation

The purpose of this test was to ensure the integrity of the stage wiring system

prior to the application of bus power. Every wire was checked for continuity from

end to end, through component boxes where possible. Insulation resistance between

the pins in each plug, and between each pin and the connector shell, was measured.

Test Review

This test began on 22 November 1965, and was accepted on 31 January 1966. Ninety-

seven revisions were recorded on the revision documentation log sheet, as foll_ws:

a. For_y-five corrected minor errors in the procedure.

b. Twenty were written to correct errors in the schematic.

c. Ten revisions were deleted because they were made in error.

d. Nine changed measurement procedures because of parts shortages or inac-

cessibility.

e. One revised the procedure to agree with the schematic.
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4.2.3.1.1

f.

g.

h.

i.

J.

k.

(Continued)

Two added jumper wires where parts had not been installed.

Three changed tolerances, or allowed measurements, as demanded by changes

in parts used.

Two redesignated items called out in the procedure.

Two were made to clarify points in the procedure.

Two deleted unnecessary steps from the procedure.

One allowed for the hookup of the Umbilical Cables.

There were five failure and rejection reports written during this test:

a. FARR A174426 recorded that plug P7 of wire 404A3WI in wire harness,

P/N IB50159-I, S/N 00002, had the insert arrangement of its pins rotat d
180 ° . The plug was removed and replaced.

b. FARR A174427 noted that contact P of connector ,I-4 was bent. The contact

was straightened and accepted.

c. FARR A174428 noted that the insert of connector 404W219-P8 was punctured

by pins P and S. This was accepted as is.

d. FAiR A174429 recorded a discontinuity between points J-2, pin I and J-l,

pin I of module 404A3A39, P/N 1B39975-1, S/N 00039. This was accepted

without rework.

e. FARR A174441 noted that pin A of plug P33 of wire 404-W7, wire harness,

P/N IB50045-1K, was recessed. Plug P33 was removed and replaced.

4.2.3.1.2 Forward and Aft Interface Compatibility Check (IB44542)

Test Explanation

This test was conducted to check the continuity from the interface connections to

the stage ground, and to ensure that loads present provided proper power input

without damaging the stage.

Test Review

This test began on 9 December 1965. The results obtained were accepted on 22 January

1966. Six revisions were recorded on the revision documentation 19g sheet, as

follows:

ae

b.

One widened the tolerance on the resistance of the relay coils.

One specified the installa£ion of a shorting Jumper between two pins be-

cause shortage of a 5-volt excitation module prevented continuity measure-
ment.

c. One corrected a minor procedure error.
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d. Two changed required resistancereadings to "infinite" because of parts
not installed.

e. One changed test points because umbilical cables were not installed.

b.

C.

One deleted most of the measurements because the procedure was cancelled

by agreement with NASA.

A line was deleted because the measurement called out could not be made.

One corrected a procedure error.

No failures are on record for this procedure.

4.2.3.2 Power Distribution Tests

Three test procedures were run to check the capability of the stage power distri-

bution system to control electrical power functions within the stage. The capa-

bility of the GSE automatic checkout equipment to control power function turn on

and turn off by computer command was also checked.

The three automatic checkout procedures are:

a. Stage power setup.

b. Stage power turnoff.

c. Power distribution system.

4.2.3.2.1 Stage Power Setup (IB5_789)

Test Explanation

This procedure verified the capability of the ACS to control and activate the

vehicle electrical power distribution system prior to automatic system checkout

4.2.3.1.3 Umbilical Interface Compatibility Check (IB44543)

Test Explanation

This test was connected to verify continuity from the GSE umbilical connectors to

the stage ground, and to assure that proper loads were present to allow for proper

power input without damage to the stage.

Test Review

This test began on 4 January 1966, and was certified on 9 February 1966. There

were three revisions noted on the revision documentation log sheet:

a.

No discrepancies were noted against this procedure.
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4.2.3.2.1 (Continued)

procedures, and ensured that the forward and aft power distribution system was

not subjected to excessive static loads during initial setup sequences. The fol-
lowing functions were checked:

a. Setup of a group of initial conditions, (i.e. activation of power buses)
required for further testing of other s_age component8 and systems.

b. Power distribution.

c. Interrupts.

Test Review

This test was run on 5 January 1966, and accepted on the same day. Fourteen re-

visions were recorded on the revision documentation log sheet, as follows:

a. Five corrected minor errors in the procedure.

b. Three added items omitted from the procedure.

c. Two changed the program.

d. One was deemed unnecessary and voided.

e. One deleted a measurement not necessary for this test.

f. One changed the list of end item requirements to include only those items

necessary for this test.

g. One changed the EBW pulse sensor requirement from on to off, because it

was checked before aft bus I was turned on.

h. One called for the installation of Jumpers to provide IU system connection

from the BO multiplexer to the PCM/DDAS assembly.

No discrepancies were noted during this test.

4.2.3.2.2 Stage Power Turnoff (IB55790)

Test Explanation

This procedure was designed to shut down the stage power distribution following

completion of various system checkout procedures.

Test Review

This test was run on 7 January 1966. Certification took place on 17 January 1966.

One run was required for satisfactory completion, with %he following seven revisions

tabulated on the revision log sheet:

a. Two steps were deleted because they were not necessary for this procedure.

b. One revision corrected an error in the procedure.
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4.2.3.2.2 (Continued)

c. Three added steps to the program.

d. One deleted all end item test equipment not necessary for this test.

No discrepancies were recorded against th_s procedure.

h.2.3.2.3 Power, Distribution System (IB557_I)

Test Explanation

This procedure verified the operational capability of the power distribution system,

using the ACS to determine if the system would meet or exceed engineering specifi-

cations. The following functions were to be checked:

a. Verification that static loads on power buses were within specified

tolerances.

b. Verification of proper operation of all switching circuits required for

power distribution.

a.

Test Review

The test was run successfully on 20 January 1966, and the resultant data were ac-

cepted on 26 January 1966. The revision documentation log sheet noted twenty re-

visions to the procedure, as follows:

Three added items which were omitted from the procedure.

b. Five deleted steps from the program, either because the measurements were

not required, or to allow for parts shortages.

c. One corrected a minor error in the procedure.

d. One deleted from the list of end item requirements all those items not

necessary for this test.

e. Six revisions changed the program.

f. One called for the verification that the aft Bus 2 was off, and another

called out an aft Bus 2 voltage reading of 0 _ 1 VDC, to ensure that it
was off.

g. One deleted the paragraph concerned with time significant items, because

there were none in this system.

h. One changed a reading because of insufficient time delay.

No failures were reported during this procedure.
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4.2.3.3 Signal Conditionin_ Set Up (IB49547)

Test Explanation

This procedure provided instructions for the manual adjustment and calibration of

the stage signal conditioning equipment. Equipment was to be calibrated if it was

found out of tolerance during automatic checkout, or if a component replaced was

found out of tolerance. In addition,,this procedure was used to trouble shoot in-

strumentation during a computer hold, and to verify the operation of the transmitter

switch assembly, two transducers, and the T/M calibration.

Test Review

The test began on 13 January 1966, and was accepted on i February 1966, after fifty-

four revisions and six failure and rejection reports had been recorded. The revis-

ions were noted in the revision log sheet as follows:

a. Nineteen added items to compensate for omissions from the procedure.

b. Eighteen revisions corrected minor errors in the procedure.

c. Eight were made to correct typographical errors.

d. Two changed an adjustment to enable monitoring of certain frequencies

using existing test equipment.

e. A paragraph was added to ensure that the manual checkout decoder was off

before disconnection from vehicle.

f. One changed the procedure because wiring of adapter cables was not compa-

tible with vehicle and test equipment.

g. A revision made in error was voided.

h. One deleted a requirement because of scheduling.

i. One added a test to determine if a transducer shortage existed.

j. One deleted ambient temperature readings because simulators were used only

to establish continuity.

k. One deleted voltage readings which were inaccurate.

The six FARR's written were as follows:

a. FARR A174435 noted that a wire in wire harness, P/N IB52350-IC,

S/N 8479, had insulation and strands cut. The cut wires were replaced.

b. FARR A174449 reported an o_en transducer, P/N 1B50733-i, S/N 56161. The
transducer was returned to, the vendor for replacement.

c. FARR A184708 noted that the R-17 potentiometer on low gain amplifier,

P/N 1A94910-1Y, S/N 00021, could not be adjusted within tolerance.
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4.2.3.3 (Continued)

d. FARRA184709recorded that low gain amplifier, P/N IA94910-503Y, S/N 00212,
was out of tolerance on gain factors.

e. FARRA184710noted that the R6 potentiometer on the temperature module
could not be adjusted to _0_ 0.005 VDC. The potentiometer was scrapped.

f. FARRA184711noted that it was impossible to get correct output' from module,
P/N IB39022-I, S/N 00001. The module was accepted after retest.

4.2.3.4 Digital Data Acquisition System (DDAS) Tests

The digital data acquisition system serves a dual purpose, having a prime function

during ground checkout, and a secondary function during flight. The DDAS telemetry

system, using PCM/FM/FM, operates in parallel with the three PAM/FM/FM systems.

During ground checkout and trouble shooting, the DDAS is the prime data'source

for ground support monitoring and recording equipment. During flight, the DDAS

serves as a backup for prime data'channels, and includes a flight tape recorder

to store PCM data for later playback on ground command.

Operation of the DDAS was verified by th_ following three tests:

a. DDAS calibration.

b. DDAS calibration, manual operation.

c. Digital data acquisition system.

4.2.3.4.1 Disital Data Acquisition System Calibration (IB55792)

Test Explanation

This procedure was used in conjunction with DDAS calibration, Manual Operations,

and H&CO IB44548. The D924A Computer was used to verify calibration of each data

channel, from the input to the Model 270 multiplexers, through the PCM/DDAS as-

sembly, to the output of the DDAS ground station.

Each of the four multiplexers was tested individually.

Test Review

This test began on 18 January 1966, and was certified on 24 January 1966. It was

run twice. The first time, on 18 January 1966, the first three channels tested

on the A3 multiplexer measured out-of-tolerance voltages. The test of this multi-

plexer was terminated at this point. Upon retest, the A3 multiplexer unit was

llO



Douglas Report SM-53184

4.2.3.4.1 (Continued)

found to be operating properly. The test was ru_ for the second time, on 20 January

1966, on the A3 unit only_ and was completed successfully. The results were ac-

cepted on that date.

The revision documentation log sheet noted the following ten revisions:

a. Six corrected minor errors in the procedure.

b. One called out the installation of eleven Jumper wires because certain

transducers had not been installed at the time of the test.

c. Two deleted measurements which were not necessary for this test.

d. One widened certain voltage tolerances because the PCM/DDAS assembly,
P/N IA74049-513, S/N 00001, was defective and caused random channel mal-

functions. This assembly was to be rejected followin_ vehicle test at SSC.

The following FARR's were released against this procedure:

a. FARR A174437 noted that a 3.75 VDC input resulted in a 2.495 VDC output,

instead of 3.75 + 0.025 VDC output, from multiplexer, P/N IB55251-511,

S/N 00002. The multiplexer was retested without recurrence of the problem,
and was accepted.

b. FARR A174445 noted that a sawtooth output resulted when voltage was applied

to multiplexer, P/N IB55251-525, S/N 00002. A square wave output should

have resulted. The multiplexer was acceptable as is.

c. FARR A18_712 noted the defective PCM/DDAS assembly which had caused random

channel failures. -The assembly was accepted for testing purposes.

d. FARR A184714 noted that the switch on valve, P/N IA49965-509, on LOX

chilldown pump, P/N IA49423-I, had continuity between pins E and F, rather

than between pins D and E, when open. The switch was returned to the
vendor for rework.

4.2.3.4.2 Digital Data Acquisition System Calibration_ Manual Operation (IB44548)

Test Explanation

This procedure was used in conjunction with the DDAS Calibration, Automatic Procedure,

H&CO IB55792, providing the manual instructions necessary to check.out the Model 270

multiplexers and the Model 301 PCM/DDAS assembly. The objective of this checkout

was to verify calibration of all prime and submultiplexed data channels, from the

input to the 270 multiplexers, through the PCM/DDAS assembly, to the outpu_ of

the DDAS ground station.
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4.2.3.4.2 (Continued)

Test Review

This test was started on 18 January 1966, and accepted on 21 January 1966. Nineteen

revisions were made against the procedure, and recorded in the documentation log

sheet as follows:

a. Five corrected errors in the procedure.

b. Twc added items to 'the procedure.

c. Three deleted measurements because parts shortages, requiring the use of

simulators, made in-tolerance readings impossible.

d. Four deleted items not necessary for this test. Included in these was a

manual check of the SSB ground station, because the station was not to be
used in this test.

e. One deleted a revision erroneously made.

f. One called for a Jumper from the negative lead of the power supply to ve-

hicle ground.

g. One added a data sheet to the procedure.

h. One changed safety requirements to specify that power supplies should not

be connected or disconnected with power on.

i. One required that the A1 multiplexer internal clock, which was set at

3595 cps, be reset to 3400 _ 20 cps.

No failure reports were noted against this procedure.

4.2.3.4.3 Disital Data Acquisition System.(iB55793)

Test Explanation

This test verified the operational status of those data channels on the stage which

had not been checked out in previous system tests. Making use of the D924A com-

puter to test the output from each channel, it determined whether or not the signal

conditioning units, their associated amplifiers, the co_and calibration, channel

decoders, the multiplexers, the DDAS assembly, and the central command calibration

decoder were operating properly.

Test Review

This test was initiated on 25 January 1966, and final acceptance tock place on

7 February 1966. Seventy revisions were noted on the revision documentation log

sheet, as follows:
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4.2.3.4.3 (Continued)

a. Twenty-nine revisions were written to correct procedure and program errors,

to delete or change.other revisions made in error, or to add commands to

the program.

b. Thirty-two revisions deleted measurements because either the out-of-

tolerance measurements were not necessary for this test, there was no

time available for trouble-shooting, adjustments had been made which were

not reflected in the procedure, connections were loosely wired, or the

PCM/DDAS assembly caused certain random channel failures. Other problems

were parts shortages which required the use of simulators, channels which

were recalibrated after testing, defective parts being used temporarily,

design problems, and rework which had yet to be accomplished.

c. Six revisions changed test requirements because: heat curing in process

would not permit in-tolerance ambient temperature measurements; the re-

moval of fluid prevented in-tolerance measurements of liquid level in the

auxiliary reservoir of the hydraulic system; and bench test data deviated

from automatic results due to the slow rate of discharge of the multiplexers
under no-load conditions.

d. Two revisions deleted the use of test equipment not required for this check-
out.

e. One deleted a step from the procedure which was not necessary for this test.

No discrepancies were noted against this procedure.

4.2.3.5 Exploding Bridsewire System (IB55796)

Test Explanation

This procedure defined both the manual and automatic processes required to ensure

the capability cf the EBW system to initiate ullage rocket ignition and Jettison,

when so commanded by the instrument unit. Responses were monitored by the ACS and

compared with specified requirements.

Test Review

This test was run twice on 22 January 1966. On the first run, the pulse sensor

was found to malfunction. A failure and rejection report was written, and the

pulse sensor was removed and replaced for the second run. The procedure was suc-

cessfully completed on the second run. There were four revisions recorded on the

revision documentation log sheet, as follows:

a. One changed required voltages because of loading caused by 100K resistors

in the multiplexer.

b. One changed Jettison voltage requirements to ensure that firing units

were completely discharged.
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4.2.3.5 (Continued)

c. Two added or deleted commands from the program.

The FARR mentioned above was FARR A174448, noting that the pulse sensor operated

intermittently, and calling for its replacement.

4.2.3.6 Propellant Utilization System Tests

The purposes of the propellant utilization system are to control the fuel to oxi-

dizer mixture ratio in such a way as to ensure simultaneous depletion of propellants,

and to supply propellant level information for tank fill and topping operations.

Two test procedures were run to assure that the propellant utilizationsystem was

operational. They were:

a. Propellant utilization system calibration.

b. Propellant utilization system.

4.2.3.6.1 Propellent Utilization Svste_ Calibration (_B44549)

Test Explanation

This test verified the calibration of the propellant utilization system.

following items were checked:

a. Verification of'static inverter/converter output voltages.

b. LH 2 and LOX empty and full calibration.

c. Data acquisition of the LH 2 and L0X bridge position.

d. LH 2 and LOX bridge slew checks (1/3 and 2/3 slew).

e. Reference Mixture Ratio (RMR) calibration.

f. LH 2 and L0X bridge linearity checks.

g. Verification of hardwire loading circuits.

The

Test Review

The test began on 17 January 1966, and was accepted on 20 January 1966. During the

course of the test, a short circuit was discovered in a wire harness assembly,

and corrected.

The following seven revisions were noted on the revision documentation log sheet:
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4.2.3.6.1 (Continued)

a. Six corrected minor errors in the procedure.

b. Onechanged a tolerance because of drift of readings due to tank environ-
mental conditions.

Onediscrepancy was noted, as follows:

a. FARRA174436noted the short circuit in wire harness, P/N IB56731-I,
S/N 00001. Plug P6 was removedand replaced.

4.2.3.6.2 Propellant Utilization System (IB557971

Test Explanation

The purpose of this test was to verify the capability of the propellant utilization

system both to ensure simultaneous depletion of propellants, and to verify propel-

lant level information for controlling the fill and topping valves during LOX and

LH 2 loading.

Test Review
l

This test was run and accepted on 21 January 1966. The following eight revisions

appeared on the revision documentation log sheet: #

a. Four corrected minor errors in the procedure.

b. Two added minor items to the procedure.

c. Two changed tolerances as directed in NASA letter R-QUAL-P/DAC-#5-66/SCHARLACH.

No discrepancies were recorded against this procedure.

4.2.3.7 Level Sensor and Control Unit Calibration (IB44546)

Test Explanation

This procedure provided for the calibration of the liquid level and liquid/gas

differentiator sensor systems, the LOX and LH 2 point sensor systems, and the LOX

and LH 2 tank overfill and fast fill sensor systems. The test was designed to ad-

just the operating point of the point level sensor control units to a level well

within the limits of the capacitance changes caused by a simulated wet condition

RACS command.
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Test Review

_he test was begun on 12 January 1966, with acceptance taking place on 21 January

1966, after seventeen revisions and six failure and rejection reports had been written

against it. The revisions, as reported on the revision documentation log sheet,

were as follows:

a. Three corrected minor errors in the procedure.

b. One deleted a revision which had been erroneously made.

c. One deleted certain steps in order to reflect more accurately the method

by which power is normally applied to the vehicle.

d. One renumbered certain steps because the only necessary command was level

sensor power on. Another was then made to change certain sentences to

reflect the change in step numbers.

e. One clarified a connector" part number, and seven others changed sentences
to include this clarification.

f. One changed a cable designation in a figure, and another was written to

add to the figure a connection to vehicle ground, because the change in

cables removed the ground return'for a point in the test assembly.

The six FARR's mentioned above noted the following:

a. FARR A174433 noted that a relay in control unit, P/N IA68710-511,_/N E-58,

activated at random and would not deactivate to a 0 _ I.i VDC reading when

capacitance was decreased. It was found that the potentiometer was inac-

curately adjusted; the relay was retested without incident and accepted.

b. FARR A174438 reported that a connector pin in wire harness, P/N IB56380-I,

was recessed, and the metal shielding was bent. The pin was removed and

replaced, and the connector accepted.
w

c. FARR A174439 noted that control unit, P/N IA68710-509, S/N E-86, had an

erratic output response to a 5 VDC input. The unit was accepted following
retest.

d. FARR A174442 recorded a short from conductor to shield of a wire in wire

harness, P/N 1B44906-1NC, S/N O0001. The harness was accepted after a

plug had been replaced.

e. FARR A174444 noted that the output from control unit, P/N 1A68710-509,

S/N E-105,remained at 0.0 VDC when input changed. The unit was reworked

to B/P, and accepted.

f. FARR A174446 noted a dead short on an inner contact wire and shield in wire

harness, P/N 1B50197-1A, S/N 00001, and a crack on the edge of the coaxial

outer contact barrel of the same assembly. A pin was replaced to correct

the short, and the defective barrel was removed and replaced.

ll6
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4.2.3.8 Cryogenic Temperature Sensor Verification (IB44544)

Test Explanation

The purpose of this test was to check out each temperature transducer whose normal

operating range did not includeambient temperature.

Test Review

This test was started on 14 January%966. Acceptance of the data obtained took place

on 27 January 1966. There were five revisions to the procedure recorded on the re-

vision documentation log sheet:

a. One added items which had been omitted from the procedure.

b. One deleted a requirement that serial numbers of certain sensors be verified,

because the S/N's were impossible to read and were already listed in the

vehicle serialization log book.

c. One corrected a typographical error.
#

d. One added a seven per cent tolerance on certain temperature measurements

because of the effects of ambient temperature on the readings.

e. One noted sensors which were not tested, because they were not installed

during the test.

No failure reports were written against this test.

4.2.3.9 Telemetry and Range Safety Antenna System Check (IB44545)

Test Explanation

This test was conducted to verify that the telemetTy and range safety antenna systems

were operational.

Test Review

The test began on 21 January 1966, and acceptance occurred on 31 January 1966. The

revision documentation log sheet noted the following thirty-eight revisions to the

procedure:

a. Sixteen corrected minor errors in the procedure.

b. Three added or changed designation numbers of parts called out in the

procedure.

c. Two provided that the orbit transmitter be turned off during RF power de-

tector calibration, because power was required at one level only.

d. Two added or changed commands to the SSB transmitter group.

e. Four revised tables and figures as required due to revisions in _he

procedure.

............. i ....
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f. Two deleted paragraphs from the procedure because they were not necessary
for this test.

g. Two changed the procedure to permit proper setup of reflected power detectors.

h. Three deleted measurements because parts shortages resulted in dnaccurate

readings.

i. Three changed tolerances to allow for cable insertion losses and greater
sensitivity requirements.

J. One added a test cable required for R/S insertion loss measurements.

There were no discrepancies recorded during this test.

4.2.3.10 Electromagnetic Compatibility Check (IB64955)

Test Explanation

This test was designed to determine stage power system electromagnetic interference

characteristics. The procedure described the setup and operation of EMC test equip-

ment, to be used in parallel with the following checks:

a. EBW System (Auto).

b. Hydraulic System (Auto).

c. All Systems (Umbilicals in).

Test Review

The test was conducted beginning on 20 January 1966, with certification taking place

on 3 February 1966. Five revisions were noted in the revision documentation log

sheet, as follows:

a. Two deleted requirements because of a time shortage.

b. One enabled the hookup of the test cables prior to the power distribution
test.

c. One added three tests to be run in parallel with this one, at NASA request.

d. One added a report number to specify a document in which test results were
to be indicated.

No failures were recorded during the course of this test.

4.2.4 Engine Alignment Procedure (1BBg124A)

Test Explanation

This procedure provided instructions for aligning the J-2 engine with the stage,

while in a vertical attitude.
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Test Review

This test began on 19 January 1966, and was successfully completed on 25 January 1966.

There were three revisions made to the procedure, as noted on the revision documen-
%

tation log sheet:

a. One added a paragraph to change the procedure for determining the angle of

inclination, in the event that the distance between "G" planes was excessive.

b. One deleted the use of a locking fixture and substituted standard hand torque

tools, because the fixture would not work.

c. One specified that only "C" clamps would be used to install the clinometers,

because the lock also called out in the procedure was not operational.

The alignment procedure was run with no discrepancies recorded.

4.2.5 Auxiliary Propulsion System (IB_800)

Test Explanation

The purpose of this procedure was to verify'the integrity of the stage portion of the

APS system, using simulators in the absence of the APS modules. The following spe-

cific tests were performed:

a. Verify that bus power can be applied, and that static loads are not excessive.

b. Verify that attitude control commands from the I.U. control the proper sets

of quadredundant solenoids (simulated).

c. Verify the telemetry system measurements associated with the APS by observing

each active parameter on the stage, and each simulated transducer output.

Test Review

The test was run twice on 21 January 1966, and final acceptance took place on

24 January 1966. During the first run, a simulator was found to be miswired, and

two bridge modules were found to be of the wrong configuration. On the second run

the test was completed satisfactorily. Seven revisions appeared on the revision docu-

mentation log sheet; six corrected minor errors in the procedure, and one changed

the procedure in several places as called out on NASA document R-QUAL-P/DAC.

No failure and rejection reports were written as a result of this test.
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4.2.6 Hydraulic System (IB55801)

Test Explanation

This procedure verified the integrity and operational capability of the hydraulic

system. .,

The following tests were performed:

a. Calculation of accumulator GN 2 mass.

b Reservoir oil level and pressure test (unpressurized).

c Auxiliary pump motor thermal switch test.

d System supply and accumulator GN 2 pressure test.

e Reservoir oil level and pressure test (pressurized).

f Actuator polarity and engine clearance test.

g Servo actuator frequency.response test.

h. Engine centering test.

Test Review

The test was run on 29 January 1966, and certified on ii February 1966. The following

twenty revisions were incorporated in the revision documentation log sheet:

a. Four changed steps to conform to existing test and system equipment, and to

incorporate latest design changes.

b. Three deleted steps because they were not necessary, or because of parts

or time shortages.

c. Eight corrected errors in the program, or changed the program to conform

to design changes.

d. Two revisions set new breakpoints'to make it possible to determine if pitch

and yaw power came on.

e. Two added paragraphs; one to note that the gimbal was a cycle-significant

item, and one to reflect new test requirements.

f. One changed a measurement because of a missing Jumper wire.

No discrepancies were recorded against this procedure.

4.2.7 Systems Tests Not Accomplished

The following tests, originally intended for performance on the stage, either were

never activated or were cancelled, due to scheduling limitations and parts shortages.

Equivalent tests were to be integrated into the Sacramento test schedule, and per-

formed during stage testing at STC.
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In general, these tests comprised someelectrical/electronic system checkouts, some

propulsion system checkouts, and the final all-systems checkouts. By general systems
breakdown, the tests not accomplished were:

Electrical/Electronic Systems

a. Telemetry System, Manual Operation, H&CO IB44552.

b. Telemetry System, Automatic Checkout, H&CO IB55799.

c. Single Sideband System, Manual Operation, H&CO IB58467.

d. Single Sideband System, Automatic Checkout, H&CO IB55794.

e. Range Safety System, Automatic Checkout, H&CO IB55798.

f. Range Safety Receiver, Automatic Checkout, H&CO IB55798.

g. Range Safety Receiver, Manual Operations, H&CO IB44550.

Propulsion Sjstem

a. Pneumatic Control System Leak Check, H&CO IB57385.

b. Pneumatic Control System, H&CO IB5_802.

c. Cold Helium System Leak Check, H&CO IB57388.

d. Cold Helium System, H&CO IB55803.

e. Fuel Tank Pressurization SyStem Leak Check, H&CO IB57387.

f. Fuel Tank Pressurization System, H&CO IB55804.

g. Propellant Tanks System Leak Check, H&CO IB57389.

h. J-2 Engine Leak Check, H&CO IB57390.

i. J-2 Engine System, H&CO IB55805.

j. Repressurization System Leak Check, H&CO IB57391.

k. Repressurization System, H&CO IB56281.

All System Tests

a. All Systems Tests, H&CO IB55809.

The aft skirt and interstage thermo-conditioning and purge System check, H&CO

IB40550, and the hydraulic system fill and bleed procedure, H&CO IB62519, were

transferred open to STC.

4.3 Sta_e Manufacturing Tests

All manufacturing inspection and test records for the stage are reviewed and pre-

sented in this section. T_bie II is the n_rrated form of the permanent nonconfor-

mances recorded on FARR's during manufacturing inspection and test. The dispositioning
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of these FARR's was accomplished by the Material Review Board. The FARR system is

used to report discrepancies throughout receiving inspection, manufacturing assembly,

testing, and installation. A review has been made of acceptance test data pertaining

to the weight, balance, and shipment requirements, hydrostatic proof test, and sub-

sequent leak test of the propellant tanks.

4.3.1 Stage Preparation for Shipment

Four procedures were conducted to prepare the stage for shipment by transporter to

the Seal Beach dockyard, and by barge from there to Sacramento. These procedures

were:

a. Environmental protective cover kit-assembly, installation, and removal.

b. Transportation instrumentation systems.

c. Preparation of the stage for the weigh and balance procedure.

d. Weigh and balance procedure.

4.3.1.1 Protective Cover Kit, Environmental (IA57862)

This document outlined the procedures for assembling, installing, and removing the

stage protective cover kit, P/N IA57861-I. The cover protected the stage against

rain and dust surface transportation between SSC and STC.

The procedure was conducted between 7 and i0 March 1966. No functional failures were

noted, and no revisions were written to the procedure.

4.3.1.2 Transportation Instrumentation System (IB39698)

This procedure specified the handling and checkout operations for the transportation

instrumentation kit, Model DSV-4B-175, in conjunction with the NASA furnished mobile

instrumentation system trailer and power supply trailer. The transportation instru-

mentation system was used to monitor the stage during all highway and water transpor-

tation operation. Also included were specific checkout and setup'steps for proper

operation of the system, installation and removal instructions, and return shipment

instructions for the Model 175 after removal from the stage.

The following major functions were accomplished by this procedure:

a. Check for proper function of:
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i. Sixteen vibration accelerometers.

2. Two temperature and two humidity sensors, one each mounted forward

and aft.

3. Two differential pressure sensors.

4. One pitch and one roll sensor, mounted on the deck of the ship during

water transportation.

b. Check and setup of:

i. Regulated power supply control panel.

2. Air conditioning control system.

3. Instrumentation power supply.

4. Digital voltmeter.

5. Signal conditioning module.

6. Wideband signal amplifier units.

7. Automonitor units.

8. Recorder control unit.

9. Recording oscillograph.

i0. Electronic duplex recorder.

Ii. Magnetic tape recorder.

Failure record sheets were kept during transportation, and remained in the trailer

at the end of the trip for subsequent return to MSFC.

Test record sheets in the appendix of the procedure were used to record data on

system failures or fixes. A table for equipment setup was also kept for recording

all setup and calibration data. Reproducible copies were given to inspection upon

completion of the trip.

There were no recorded functional failures noted, but three revisions to the pro-

cedure were made, to revise frequency tolerances. Testing was completed at gSC on

i0 March 1966.

4.3.1.3 preparation for Horizontal Weish and Balance (IB37831C)

This procedure specified steps necessary to prepare the stage for the weigh and

balance operation, and to load the stage on its transporter. Included were the

following:

a. Installation of stag_ handling rings.

b. Preparation of weighing area in VCL.
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c. Installation of stage and handling rings on cradles.

d. Installation, checkout, and removal (after weighing operation) of weighing
equipment.

e. Installation of engine protective cover.

f. Installation of stage, with rings and cradles, on the transporter.

One revision to the procedure @ddeda paragraph calling for shims to position retainer

blocks, P/N IB32367-I, and giving instructions regarding clamp bolts on the forward

and aft cradles. There were no functional failures noted during the test.periods

of 4 to 5 March 1966.

4.3.1.4 Weigh and Balance D SSC (IB62978)

This procedure was used to measur@ the weight of the stage in such a manner that

the longitudinal center of gravity could be calculated from the results. The pre-

dicted weight and the weight calculated from the measurements were within O.1 per

cent of one another.

The stage weight in air was measured at 24,479.1 pounds_ and the weight corrected

for Standard Locality in vacuum was 24,543.5 pounds. The horizontal center of gravity

was found to be at station 322.9.

Ten revisions were written to the procedure, and recorded in the revision documen-

tation log sheet as follows:

a. One added figures to the procedure.

b. Five added paragraphs and data to the procedure.

c. Two deleted data from the procedure.

d. Two revised paragraphs.

No functional failures were noted during the weigh and balance procedure, which was

run on 5 March 1966.

4.3.2 Preshipment Purge= GNu, Tanks and Propellant Lines (IB65050)

This procedure contained instructions necessary to purge and dry the stage witn GN 2

to a dryness of 15 ° F dewpoint (2700 ppm), or lower, prior to shipment to STC. Also

included were instructions for attaching interim containers to the propellant tanks

to maintain a dry environment during surface transportation.
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There were twenty revisions noted on the revision documentation log sheet, as follows:

a. Eight deleted entire paragraphs.

b. One reidentified a paragraph.

c. Two added notes to the procedure.

d. One revised a pressure setting because the condition varied during purge.

e. Four revised paragraphs.

f. Four allowed substitutions for parts not available.

No discrepancies were noted during the test period of 6 to 8 March 1966.

4.3.3 Final Inspection

A final inspection of all mechanical and electrical areas was performed before the

stage was weighed and prepared for shipment. There were 387 discrepancies noted

during final inspection, of which 133 were of a mechanical nature, and 254_were

i

electrical. The mechanical discrepancies were minor deviations as follows: loose

hardware, missing or wrong parts, parts not identified, short or recessed bolts,

.damaged or bent parts, extraneous materials, scratched paint, parts not secured, areas

requiring cleanup, etc. The electrical problems, also minor, were: chaffing and

torn insulation, torn wrapping, wire harnesses loose or tight in clamps, riding the

structure, too tight, or too slack, plugs not capped,wire harnesses not served per

DPS, improper stowing, misidentified parts, damaged _rommets, etc. All problems

were resolved, and rework was completed, e_cept for five discrepancies. FARR's

A159448, A159450, and A188675 dealt with damaged wires or grommets on wire harnesses.

The damaged wires were wrapped with teflon tape, and the grommets were replaced

or relocated. FARR A184727 noted a broken bonding strap which was trimmed past the

break. FARR A188673 noted mislocated support assemblies which were relocated.

4.3.4 Propellant Tank Leak and Hydrostatic Proof Tests

Two tests were performed on the propellant tank assembly after the assembly was com-

pleted and before the insulation was installed. A hydrostatic proof pressure test

was conducted to verify the structural integrity of the propellant tank, and then

a leak test was performed after a cleaning and degreasing operation. These two tests

were conducted on stage 501 as detailed in the following paragraphs.
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4.3.4.1 Hydrostatic Proof Test (IB38414)

Some of the objectives of the hydrostatic proof test were:

a. Test welds and bolts at the Joint between the common bulkhead and the aft

dome.

b. Proof the common dome to a positive internal pressure differential of

32.6 _ 0.5 psi.

c. Proof the common dome to a negative external pressure differential of

23.4 _ 0.5 psi.

d. Proof the aft LOX tank dome to a positive internal pressure differential of

51.6 t 0.5 psi.

e. Proof the LH tank cylindrical section, the LH portion of the aft dome2 2 '
and the forward dome, to a positive internal pressure differential of

38.8 _ 0.5 psi.

f. Test the Joints of the LOX and LH 2 tanks for leaks.

The test was started on 8 April 1966, using production test plan A659-1B38414-1 PDS2,

and completed and accepted on 9 April 1966. There were no functional discrepancies

discovered, however, seven revisions were written on the documentation log sheet;

three accepting a panel light indication of "test", which should have indicated "low",

three allowing minor changes in procedural steps, and one changing an indicator

because it would not go from "test" to "low".

4.3.4.2 Leak Check

The propellant tank leak checks were conducted to verify the integrity of the tank

components and welds. Direction and results of these tests were recorded on Quality

Engineering Charts (QEC) which are included in the stage log book.

QEC papers 751, 753, 754, 755, 756, 757, 758, 759, 760, 761, 794, 932, 1520, 1521,

1522, 1523, 1524, 1537, 1553, 1554, 1555, 1556, 1557, and 1558 were used for this test.

One leak was discovered and corrected. No failure and rejection reports were written

against these tests.
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Figure 5. Auxiliary Propulsion Hodule

131



Douglas Report SM-53184

u

_J

_o
.4

13Z



03

O_
Or)

• r===

_w z

_wz

z_o
_0_

ram=>

t{ t I II III U L_"_. '

>" I--
•-I I._ or)
nn 7 l_d

LLIZ tm
O")O z
U3 13.._

o

o

I

,Z

P,



Douglas Report SM-53184

DEFECT CHARTS

The following charts represe,_t plots of the weld#and non-weld defects reported

on Failure and Rejection Reports. The rejection reports used for the plotting

appear in tabular form in Table ii.

To aid in understanding the charts, an example is given.

Chart 2

Item Number 102

FARR Number Al13986

Date ii-11-64

Total Defects 1

_pe of Defect 3

Detected by X

Side

Reworks Required 0

Cylindrical Tank.

Sequence Number in Table II.

Is the serial number of the Failure and Rejec-

tion Report.

The report was initiated on ii Novermber 1964.

One defect was reported on this Rejection

Report.

Per the Defect Code: The defect was linear

porosity.

Per the Inspector Code: The defect was detected

by X-ray.

In this position, whether the defect occurred

on the inside or outside of this assembly would

be designated. In this case it was undetermined.

Accepted for use.

Defect Code

Weld Defects

i. Cracks 9.

2. Lack of fusion or penetration i0.

3. Linear porosity ll.

4. Scattered porosity 12.

5. Undercut 13.

6. Underfill 14.

7. Transverse and Longitudinal cold 15.

shuts 16.

8. Porosity or voids with sharp tails 17.

Inspection Code

I - Inside

X - X-Ray

Arc strike

Crater

Suckback

Inclusions

Void, porosity

Backside shrinkage

Concavity

Weld overlap

Separation

0 - Outside

D - Dye Check

V - Visual
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ABCL

ACS

AFQA
AGC

AM

AO

APS

CCO

CCO

COAL

Countdown

Critical
Components
Dye Check

EBW

ECL

ECP

End Item

EO

GLOSSARY OF TERMS

As Built Configuration List. A listing of the part number, change

letter, and manufacturing position index number. Compiled by the

Reliability Assurance Department from the manufacturing paper appli-
cable to the stage.

Automatic Checkout Systel (Complete Complex).

Air Force Quality Assurance

Automatic Gain Control

Amplitude Modulated Radio Transmission

Assembly Outline. Document controlling the assignment of work to

assembly areas, and provides a record of conformance. Planned and

released by Manufacturing Planning and verified through Reliability

Assurance (Quality Control) procedures.

Auxiliary Propulsion System

Contract Change Order

Crystal Controlled Oscillator

A computer routine for changing data in memory.

Tasks carried on during the backward counting (in minutes and sec-

onds) from initiation to conclusion of a propellant loading, or

static firing exercise.

Those functional components essential to stage performance.

Dye Penetrant Inspection. Visual identification of surface weld

defects, such as porosity and cracks, with a colored dye.

Exploding Bridge Wire System

Engineering Configuration List. A tabulated listing of the Douglas/

vendor part numbers, Douglas�government�industry standard part num-

bers, specification and source control drawing numbers, processes

and material specification numbers, test requirement drawing numbers,

bulk material identification numbers, serialized engineering order

and drawing change request engineering order numbers, plus the part

number and drawing change letters defining the engineering released

design intent applicable to this end item.

Engineering Change Proposal

A customer-required system, or any principal system or subsystem

elements. "Also, those articles covered by major subcontracts, de-

livered direct to a customer, or provided as customer furnished

property to a contractor.

Engineering Order. Engineering document which is used to release

design intent, for development and manufacture.

Frequency Modulated Radio Transmission

Failure and Rejection Report. A report used to identify or divert

nonconforming material. Also used to record dispositions of such

material, and the corrective action taken to prevent recurrence.

267



Douglas Report SM-53184

GLOSSARY OF TERMS (Continued)

DDAS

FACI

Form

DD250

Form

DD829-I

FTC

Growler

Inspection

GSE

H&CO

He

Digital Data Acquisition System

First Article Configuration Inspection

A material inspection and receiving *report used to transfer an end

item from one location or responsible agency to another.

Historical record used to document scope change verification.

Florida Test Center. Douglas Missile and Space Systems Division

test center at Cape Kennedy, Florida.

A sonic inspection method for detecting internal discontinuities in
Saturn stage common bulkheads.

Ground Support Equipment. Equipment whose function is to transport,

protect, handle, service, test, check out, and monitor the complete

Saturn S-IVB stage, separate assemblies, or componentsJ

Handling and checkout drawing (test procedure)

Helium

IIS

IU

Inspection Item Sheet

Instrument Unit

KSC

LH 2

LOX

Log Book

MRB

NPC 200-2

OLSTOL

PAM

PCM

PCL

Permanent

Nonconfor-

mance

Kennedy Space Center, lomated in Florida.

Liquid Hydrogen V

Liquid Oxygen

A compilation of special records, packaged in book form, pertaining
to a given end item.

Material Review Board. A committee which evaluates and determines

the disposition of all rejected material (other than obvious scrap

or incompletes) and initiates corrective action to prevent recur-

rence of the nonconformances leading to the rejections.

NASA Quality Publication. The Quality Program Provisions for Space
Systems Contractors.

On Line Saturn Test Oriented Language. A method of manual (i.e.

typewriter) input to correct a computer program.

Pulse Amplitude Modulated radio transmission
f

Pulse Code Modulated radio transmission

Planning Configuration List. Tabulated listing prepared by the

planning release group containing that information listed on the

engineering configuration list plus information required by the

planning and manufacturing departments.

A condition, signifying material is nonconforming at the time of

inspection, and cannot be made to conform exactly.

Permeability Degree to which one substance Mill diffuse through or penetrate another.

Porosity Gas pockets or voids free of solid material occuriug in welds.

PDM Pulse Duration Modulation of radio transmission.
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P/N

PMR

ppm

PU

PUEA

psia

psig

QEC

RACS

RF

RMR

RPM

RS

RSRS

SACTO

SC

sccm

scim

SCO

SEO

SIM

SPCR

SSB

SSC

STC

S/N

TACD

GLOSSARY OF TERMS (Continued)

Part number

Programmed Mixture Ratio

Parts per million

Propellant Utilization system
i

Propellant Utilization Electronic Assembly

Pounds per square inch, absolute. Pressure measurement which in-

cludes atmospheric pressure.

Pounds per square inch, gauge. Pressure measurement which does not

include atmospheric pressure.

Quality Engineering Chart. A chart, prepared by Quality Engineering,

which provides specific inspection instructions to shop personnel,

and a means of recording sequential inspection for each unit fabri-
cated.

Remote Automatic Calibration System (telemetry checkout).

Radio Frequency

Reference Mixture Ratio

Revolutions per minute
l

Range Safety

Range Safety receiver system

Sacramento Test Center, California

Scope Change. Changes, requirements, or details of all or any part

of a Program.

Rate of flow measurement - standard cubic centimeters per minute.

Rate of flow measurement - standard cubic inches per minute.

Subcarrier Oscillator

Serial Engineering Order. Engineering orders, generally used to

authorize and describe rework in conjunction with a production

change. The SEO is also used to issue information or work authori-

zation when no drawing change is involved, i.e., salvages for manu-

facturing errors, and authorization for variation from engineering

drawing requirements or information.

Safety Item Monitor

Saturn Program Change Request

Single Sideband, radio transmission

Space Systems Center. Douglas Missile and Space System Division

Center at Huntington Beach, California.

Sacramento Test Center, located at Sacramento, California.

Serial number

Test Area Control Document
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TAN

TCC

TCS

TD

Time/Cycle

Significant

Item

T/M

TR

UHF

Ullage

Pressure

Ultrasonic

Inspection

Umbilical

VCL

VCO

VHF

VSWR

WRO

GLOSSARY OF TERMS (Continued)

Task Authorization Notice. Douglas work authority.

Test Control Center.

Thermo Conditioning System.

Technical Directive

A component or end item, the measured llfe of which is important

enough to Justify running time, cycle, or attribute data collection.

Telemetry

Test Request

Ultra High Frequency

The pressure of the gases in the unfilled portion of the propellant
tanks.

An inspection method employing ultrasonic waves to detect disconti-

nuities in internal insulation bonding.

Stage/GSE interface point for stage servicing and monitoring from

a ground source.

Vehicle Checkout Laboratory, located at SSC and STC

Voltage Controlled Oscillator

Very High Frequency

Voltage Standing Wave Ratio. A measure of antenna efficiency.

Work Release Order. Document providing authority for the accom-

plishment of work within the Douglas Missile and Space Systems
Division_
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